PRECISION CONSTANT
CURRENT SOURCE
MODEL 6186C

OPERATING AND SERVICE MANUAL

FOR SERIALS 1443A-00101 AND ABOVE*®

*For Serials Above 1443A-00101
a change page may be included.

HP Part No. 06186-90005 Printed: January, 1975







SAFETY SUMMARY

The following general safely precautions must be observed during all phases of operation, service, and repair of this instru-
ment. Failure to comply with these precautions or with specific warnings elsewhere in this manual violates safety standards
of design, manufacture, and intended use of the instrument, Hewlett-Packard Company assumes no hability for the

customer’s failure to comply with these requirements.

BEFORE APPLYING POWER.

Verify that the product is set to match the available line
voltage and the correct fuse is installed,

GROUND THE INSTRUMENT.

This product is a Safety Class 1 instrument (provided with a
protective earth terminal). To minimize shock hazard, the in-
strument chassis and cabinet must be connected 10 an elec-
trical ground. The instrument must be connected to the ac
power supply mains through a three-conductor power cabie,
with the third wire firmly connected to an electrical ground
(safety ground) at the power outiet. For instruments designed
to be hard-wired to the ac power lines {supply mains), connect
the protective earth terminal to a protective conductor before
any other connection is made. Any interruption of the protec-
tive {grounding) conductor or disconnection of the protective
earth terminal will cause a potential shock hazard that could
result in personal injury. If the instrument is to be energized via
an external autotransformer for voltage reduction, be certain
that the autotransformer common terminal is connected to the
neutral (earthed pole) of the ac power lines {supply mains).

INPUT POWER MUST BE SWITCH
CONNECTED.

For instruments without a built-in fine switch, the input power
lines must contain a switch or another adequate means for
disconnecting the instrument from the ac power lines {supply
mains).

DO NOT OPERATE IN AN EXPLOSIVE
ATMOSPHERE.

Do not operate the instrument in the presence of flammable
gases or fumes.

KEEP AWAY FROM LIVE CIRCUITS.

Operating personnel must not remove instrument covers.
Componrent replacement and internal adjustments must be
made by qualified service personnel. Do not replace com-
ponents with power cable connected. Under certain condi-
tions, dangerous voltages may exist even with the power cable
removed. To avoid injuries, always disconnect power,
discharge circuits and remove external voltage sources before
touching components,

DO NOT SERVICE OR ADJUST ALONE.

Do not attempt internal service or adjustment uniess another
person, capable of rendering first aid and resuscitation, is
present.

DO NOT EXCEED INPUT RATINGS.

This instrument may be equipped with a line filter to reduce
electromagnetic interference and must be connected to a pro-
perly grounded receptacle 1o minimize electric shock hazard.
Operation at fine voltages or frequencies in excess of those
stated on the data plate may cause leakage currents in excess
of 5.0 mA peak.

SAFETY SYMBOLS.

| tnstruction manual symbol: the product

will be marked with this symbol when it

is necessary for the user to refer to the
or ok

instruction manual {refer to Table of
Contents;).
WARNING

Indicates hazardous voltages.

indicate earth {ground} terminal.

The WARNING sign denotes a hazard. It
calls attention to a procedure, practice,
or the like, which, if not correctly per-
formed or adhered to, could result in
personal injury. Do not proceed beyond
a WARNING sign until the indicated
conditions are fully understood and met.

The CAUTION sign denotes a hazard. it
calls attention to an operating pro-
cedure, or the like, which, if not correct-
ly performed or adhered 1o, could result
in damage to or destruction of part or all
of the product. Do not proceed beyond
a CAUTION sign until the indicated con-
ditions are fully understood and met.

CAUTION

DO NOT SUBSTITUTE PARTS OR
MODIFY INSTRUMERNT.

Because of the danger of introducing additional hazards, do
not instali substitute parts or perform any unauthorized
madification to the instrument, Return the instrument to a
Hewlett-Packard Sales and Service Office for service and
repair to ensure that safety features are maintained,

" Instruments which appear damaged or defective should be made inoperative and secured against unintended operation unti

they can be repaired by qualified service personnel,







SECTION 1|
GENERAL INFORMATION

1-1 DESCRIPTION

1-2 This power supply is designed for applica-
tigns requiring a constant current source possess-
ing a high degree of regulation and stability and
very low ripple characteristicg. Typical applica-
tions for this power supply inciude semiconductor
device measurements such as transistor reverse
breakdown voltage and current transfer ratio; four-
terminal resistance measurements; testing compo-
nents such as diodes and elecirolyiic capacitors;
and various other applications in electrochemistry,
electromagnetics, and other fields. For detalled
applications information, refer to Application Note
128, Applications of a DC Constant Current Source,

available at no charge from your local Hewlett-
Packard gales office.

1-3 The supply is completely transistorized (all
silicon} and is suitable for either bench or rack
operation. It is of the constant current/voitage
limit type that will furnigh full rated output cur-
rant at the maximum rated output voltage or can
be adjusted throughout the output range. The front
panel CURRENT control is used to establish the
output current level; the front panel VOLTAGE con-
trol is used to establigsh the output voltage limit
{ceiling). Both the CURRENT and VOLTAGE con-
trels are continuously variable throughout the en-
tire output range of the supply.

1-4 Special atiention has been given to circuit
details in this power supply to allow well-regu-
lated performance to be mainfained down to very
low cutput currents of the order of 1pA. The use
of a three-position RANGE switch and a 10-turn
output CURRENT control result in resoelution down
to 0. 5pA.

1-5 Separate meters are used to measure oufput
voltage and current. Ouiput current can be mea~
sured in any of three ranges in accordance with
the RANGE switch setting on the front panel. Oui-
put voltage is measured in one range.

i~6 The power supply has both front and rear
terminals. Either the positive or negative output
terminal may be grounded, or the power supply
can be operated floating at up to a maximum of
300 volts above ground. {Adeguate safety pre-
cautions must be taken to protect the operator
when the supply is uged in this mode. )

i~7 The supply incorporates an active guard that
prevents leakage currents from degrading the oufw
put current regulation. Because the voltage at the
positive output terminal is held equal to the guard
voltage, the latter is also used to drive the front
panel meter or an external high-accuracy voli-
meter. This effectively isolateg the voltmeter
from the main supply and eliminates the usual
output regulation degradation assoclated with
commecting a voltmeter directly across the output
of a constant current source,

1~8 Terminals at the rear of the unit allow ac-
cess to various control poeints within the unit to
expand the operating capabilities of the instru-
ment. A brief description of these capabilities is
given below:

a. Remote Programming: BRoth the output
current and voltage limit can be programmed (con-
trolied) from a remote location by means of an ex~
ternal voltage source or resistance. The output
current can be rapidly programmed up and down
using this facility; current programming speed is
less than 10msec from zero to 99% of maximum
rated output, with an accuracy of 1%.

b. External Voltage Monitoring, The output
voltage of the supply can be externally monitored
with an accurate differential or digital veltmeter
connected to either front or rear meter terminals.
Connecting the meter to the active guard in the
supply prevents output performance degradation.

¢. AC Modulation of Quiput, An externatl
ac component can be superimposed on the dc out-
put current of the supply. This feature allows
dynamic measurements such as zener impedance
and small~gsignal h-parameters to be made with
a minimum of difficulty.

1-9 SPECIFICATIONS

1-10 Detailed specifications for the power sup-
ply are given in Table 1-1.

1-11 OPTIONS

1-12 Options are customer-requestad factory
modifications of a standard instrument., The
following option is available for the instrument
covered by this manual. Where necessary, de-~
tailed coverage of the option is included through-
out the manual.



Option No. Desgcription
014 Three Digit Graduated Decadial

Current Control: A dial that re-
places the 10-turn current control
knob and allows accurate resetting
of the output current to within

0. 19%.

1-13 ACCESSORIES

1-14 The accessories listed in the following
chart may be ordered with the instrument or
separately from your local Hewlett~Packard field
sales office (refer to list at rear of manual for
addresses).

HP Part No. Description
5060-8762 Rack Kit for mounting one or

two units. {(Refer to Section II
for details. )

5060-8760 Filler panel to block unused
half rack when mounting only one
unit.

1-15 INSTRUMENT IDENTIFICATION

1-16 Hewlett~Packard power supplies are identi-
fied by a three~part serial number. The first part
is the power supply mode!l number. The second

Table 1-1, Model

part is the serial number prefix, consisting of a
number-letter combination denoting the date of a
signlificant design change and the country of man-
ufacture. The first two digits indicate the year

(10 = 1970, 11 = 1971, etc.}; the sevond two dig~
its indicate the week (01 through 52); and the let-
ter "A", 'G", "T", or "U" designates the U, S8.A.,
West Germany, Japan, or the United Kingdom, re-
spectively, as the country of manufacture. The
third part is the power supply serial number; a
different 5-digit sequential number is assigned to
each power supply, starting with 00101,

1-17 1If the serial number prefix on your unit
does not agree with the prefix on the title page
of this manual, change sheets supplied with the
manual define the differences between your in-
strument and the instrument described by this
manual,

1-18 ORDERING ADDITIONAL MANUALS

1-19 Omne manual is shipped with each instrument.
Additional manuals mav be purchased from vour
local Hewlett-Packard field office (see list at
rear of this manual for addresses). Specify the
model number, serial number prefix, and HP Part
Number shown on the title page.

61860 Specifications

INPUT:
115/230Vac £10%, single phase, 48-63Hz;
0.9 amp, 90 watts {nominal) @ 115Vac,

OUTPUT:
0-100mA @ 0-300vVde, *

OUTPUT CURRENT RANGES:
0-1ma, 0-10ma, 0-100mA,

LOAD EFTECT (LOAD RECULATION):

The output current changes less than 25ppm of
initial value plus Sppm of current range switch
setting for a load change which causes the output
voltage to vary from zero to maximum when meas-
ured with the negative output terminal grounded.
if the posgitive output is grounded, the leoad effect
is less than £100nA output current change for the
same full-load change in output voltage. (The re-
lative humidity must be less than 50% when meas-
uring load effect in the 6186C, )

SOURCE EFFECT {LINE REGULATION):
The output current changes less than 25ppm of

initial value plug Sppm of range switch setting
for any line voltage change within the input rating
{104 to 127Vac, or 208 to 254Vac) and at any out-
put current and voltage within rating.

PARD (RIPPLE AND NOISE):

Qutput Range Ripple and Noise-rms/p-p
(mA) (A todddss)
g H a3 P
i 200nd rms/4dph p-p
10 2ub rms/50u8 p-p
100 200A rms/500pA p-p

TEMPERATURE RATING:
Operating: 0 to 55°C. Storage: -40to +75°C.

TEMPERATURE COEFFICIENT:

Cutput change per degree Centigrade is less
than 75ppm of output plus 5 ppm of range switch
setting.

*In constant voltage operation, the mimmum output veltage is 0, 5V,

=2




Model 6186C, Specifications {Continued)

DRIFT {8TABILITY):

Total output current drift is legs than 100ppm
of output plus 2Z5ppm of range switch setting.
Stability is measured for 8 hours at constant
amblent, constant line voltage, and constant
load after an initial warm=-up of one hour.

INTERNAL IMPEDANCE AS A CONSTANT
CURRENT SOURCE:

programming, ac modulation, and other control
functions. Either the positive or the negative
output terminal may be grounded or the supply
may be floated at up to 3800 volts above ground .

PROGRAMMING SPEED:

Less than I0msec is required to program from
zero to 99% of the maximum rated output current
of each range or from the maximum rated oulput
current of eachrange to legs than 1% of that current.

Output Range Output Impedance (Typical) REMOTE PROGRAMMING, CONSTANT CURRENT:
{inA) {R in parallel with C)*
1 R =10, 000 Meg, C = 900pF : Range (mA)
Programming
10 R = 1,000 Meg, C = 700pF Source 1 10 100
100 R =100 Meg, C = 1500pF Resgistance:
(Accuracy: 1% of 10Ka/ | 1Ka/ 100-/
output + 0, 04% of mA mh mA
2 E
*The formula 2 = RXe/ VR + XCZ can be used range)
for calculations up to 1MHz,
Voltage
LOAD TRANSIENT RECOVERY TIME: {Aocuracy: O.50% 10v/ v/ 100mv/
Less than Imsec for output current recovery to of output + 0, 04% mA ma ma
within 1% of the nominal cutput current on the of range)
100ma range following a full-lead change in output

voltage; less than 1. émgsec on the 10mA range;
and lesg than 4msec on the 1md range.

RESOLUTION:
0, 02% of the range switch setting.

METER RANGES:
1.2, 12, 120mA; 360V, Accuracy:
scale.

2% of full

QUTPUT CONTROLS:

Rangs switch selects desired output current
range and selects meter range.
and single-turn voltage controls permit continu-
ous adjustment over antirs output span.

OUTPUT TERMINALS:

Pogitive and negative output, meter positive,
and ground terminals are provided on the front
panel, Two rear barrier strips include output,
guard, and other terminals necessary for remote

Ten~turn current

REMOTE PROGRAM MING, VOLTAGE LIMIT:
Remote programming of the voltage limit at

1 volt per volt {accuracy 20%) or 820 ohms per

volt (with an accuracy of 15% or 3V, whichever

ig greater) is available at the rear terminals,

COOLING:
Convection cooling is employed; the supply
has no moving parts.

SIZE:
b-17/32" (15,76 cm) H % 12-3/8" {30, 87 cm}
Dx 7-3/4" (19,7 cm) W.

WEIGHT:

13 lbs. (5, 9 Kg) net, 17 lbs. (7, 7Ky) shipping.







SECTION i
INSTALLATION

2-1 INITIAL INSPECTION

2=2 Before shipment, this instrument was in-
spected and found to be free of mechanical and
electrical defects, As scon as the instrument is
received, proceed as instructed in the following
paragraphs.

2-2 MECHANICAL CHECK

2-4 If external damage to the shipping carton is
evident, ask the carrier's agent 1o be present
when the instrument is unpacked, Check the in=
strument for external damage such as broken con-
trols or connectors, and dents or scratches on the
panel surfaces, If the instrument is damaged, file
a claim with the carrier's agent and notify vour
local Hewleti-Packard Sales and Service Qffice as
scon as posgible {see list at rear of this manual
for addresses).

Z2-5 ELECTRICAL CHECK

2=-6 Check the elecirical performance of the in-
gtrument as soon as possible afier receipt, Sec-
tion V of this manual contains performance check
procedures which will verify instrument operation
within the specifications as stated in Table 1-1,
This check is also sultable for incoming quality
control inspection, Refer to the inside front cover
of the manual for the Certification and Warranty
statements,

2.7 INSTALLATION DATA
2-8 The instrument is shipped ready for bench
operation, It s necessary only o connect the in-

strument to a source of power and it is ready for
operation, )

2-9 LOCATION

2-10 This instrument is cocled by natural convec-
tion, Sufficient space should be allotied so that a
free flow of cooling alr can reach the sides and
rear of the instrument when it is in operation, It
should be used in an area where the ambient tem~
perature remains between 0°C and +55°C,

2-11 OUTLINE DIAGRAM

2-12 TFigure 2Z-1 illustrates the outline shape and
dimensions of the 6186C supply.
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Figure 2-1, Outline Diagram

2-13 RACK MOUNTING

2«14 This instrument may be rack mounted in a
standard 19 inch rack panel either alongside a
similar unit or by itself, Figure 2-2 shows how
both types of ingtallations are accomplished,

‘? CLAMP RETAINING SCREWS £/2 MODULE (NSTRUMENT
1 R CR FILLER PANEL STOCK NC.
i i S06C - BT60

DIVIDER AKD
END CLAMPS

7" ADAPTOR FRAME
STOCK NO. 5C60- 8762

Figure 2-2, Rack Mounting One and Two Units

2-15 To mount one unit alone, or two units side-
by-gide, proceed as follows:

a, Place adaptor frame on bench,

b, Remove feet and tilt stand from




instrument(s), Place instrument(s} in frame,

¢, Place divider clamp between instruments.
If mounting one instrument alone, place blank
panel in position that would be occupied by second
instrument.

d. Place divider clamps in position on each
end and push the insirument or instrument/blank
panel combinaiion into frame.

e. Insert screws on either side of frame and
tighten.

2-16 INPUT POWER REQUIREMENTS

2=17 This power supply may be operated continu-
ously from either a nominal 115 volt or 230 volt,
48~63Hz power source. The input power required
when operating from a 115 volt, 60Hz power source
at full load is 90 watts, 0.9 amperes.

2-18 115/230 VOLT OPERATION

2-19 A recessed, two-position slide switch locat~
ed on the rear panel permits operation from either
a 115 or 230 volt power source, Before conneci
ing the instrument to the power source, check that
the white number visible on the switch slide
matches the nominal line voltage of the source,
required, slide the switch to the other position
using a thin-bladed sgrewdriver.,

If

2-20 When the instrument leaves the factory, the
proper fuse is installed for 115 volt operation, An
envelope containing a fuse for 230 volt operation
is attached to the power cord, Markings on the
rear panel adjacent to the fuse holder indicate the
correct fuse rating for operaticn from either a 115

2-2

volt or a 230 volt power source. Make sure that
the correct fuse is installed if the position of the
slide switch is changed,

2-21 POWER CABLE

2-22 To protect operating persommnel, the National
Electrical Manufacturers' Association {(NEMA) rec-
ommends that the instrument panel and cabinet be
grounded., Thig instrument is equipped with a
three conductor power cable. The third conductor
is the ground conductor and when the cable is
plugged into an appropriate receptacle, the instru-
ment is grounded. The offset pin on the power
cable's three~prong connector is the ground con-
nection,

223 To preserve the protection feature when op=-
erating the instrument from a two-contact outlet,
use a three-prong to two-prong adapter and con-
nect the green lead on the adapter to ground,

2-24 REPACKAGING FOR SHIPMENT

2-25 To insure safe shipment of the instrument, it
is recommended that the package designed for the
instrument be used. The original packaging mate-
rial is reusable, If it iz not available, contact
your local Hewlett—Packard field office to obtain
the materials, This office will also furnish the
address of the nearest service office to which the
instrument can be shipped. DBe sure to attach a tag
to the instrument specifying the owner, model num=
ber, full serial number, and service required, ora
brief description of the trouble.



SECTION iii
OPERATING INSTRUCTIONS

Figure 3-1,
3-1 TURNMN-ON CHECKOQUT PROCEDURE
3-2 The following checkout procedure describes

the use of the front panel controls and indicators
and ensures that the meter and programming cir-
cuits are operable, Actual output current should
be checked with an axternal ammetiser connected
between the positive and negative output terminais
before connecting delicate loads,

a. 3et LINE switch te ON and obsarve
that LINE light goes on,

b, Set RANGE swiich
rangs,

c. Adjust CURRENT control e until front
indicates desired output current
(no load connectad),

to desired current

Qperating Conirols and Indicators

d. Adjust VOLTAGE control @ until front
panel voltmeter indicates desired voltage
iimit,

&. VOLTAGE LIMIT lamp (8) should be on
with no load connected,

f, Connect load to front or rear output ter-
minals.,

3-3 OPERATING MODES

3~4  The power supply is designed so that its
mode of operation can be selected by making
strapping connections between particular terminals
on the terminal sirips at the rear of the power sup-
ply. The terminal designations are stenciled in
black on the power supply above or below their



respective terminals, The operator can ground
either output terminal or, with added precautions
to protect the user, operate the power supply up
to 300Vde above ground, The load may be con-
necited to either the front or the rear terminals
without any degradation of performance,

3-5 The following paragraphs describe the pro-
cedures for utilizing the various operational capa-
bilitiss of the power supply. A more theoretical
description of the operational features of this sup-
ply is contained in Application Note 904, DC Pow-
er Supply Handbook, awvallable at no charge from
your local Hewlett~Packard sales office.

3-6 NORMAL OPERATING MODE

3-7 The power supply is normally shipped with
its rear terminal strapping connections arranged

for constant current/voltage limit, local program-
ming, single unit mode of operation., This strap-
ping pattern is illustrated in Figure 3-2, The
overator merely selectis a constant current output
using the front panel controls as described in Para-
graph 3-9.

4 A0 Al AR AZ

Figure 3-2. Norma!l Strapping Pattern

3-8 CONSTANT CURRENT

3-9 To select a constant current output, proceed
as follows:

a. With output terminals open or shorted
(ses NOTE}, adjust CURRENT and RANGE controls
for desired output current,

b, With output terminals open, adjust VOLTI~-
AGE control for maximum output voltage allowable
{voltage limit), as determined by load conditions.
If a load change causes the voltage limit to be ex~
ceaded, the power supply will automatically cross-
over to voitage limited output at the preset volt-
age limit and the current supplied 1o the load will
drop proportionately, When this occurs, the VOLT~
ACE LIMIT lamp on the front panel will light. In
setting the voltage limil, allowance must be made
for high peak voliages (corresponding to suddenly
increased load resistance} which can cause

32

unwanted crogsover, (Refer to Paragraph 3-38.)

NOTE

Regardiess of the supply's mode of
operation {constant current or voltage
limit), the front panel ammeter always
indicates the programmed output cur-
rent, This enables the operator 10 set
the output current (using the front
panel CURRENT and RANGE controls)
without shorting the cutput terminals.

3-10 CONNECTING LOAD

3-11 Loads for a consgtant current socurce must be
connecied in series (not in parallel) if the desired
output current is to be supplied to each lead.
Fuireme care must be taken to avoid shunt paths
external to the power supply. The presence of
shunt paths will tend to degrade the performance of
the supply. If the load is remotely located from
the supply, shunt paths can be avoided by using
shielded cable, If the supply is used as a positive
source (negative terminal grounded) one end of the
shield can be connected to the guard terminal (des~
ignated +METER on the front and terminal A0 on the
rear} and the other end left unconnected., This ef-
fectively projects the internal guard voliage along
the shield, affording absolute protection against
leakage, If the supply is used as a negative
source, the above method cannot be utilized., How-
avar, the use of a shielded cable will be sufficient
to prevent shunt ieakage in most applications.

CAUTION

Never connect the guard (+METER on
the front panel and terminal A0 on the
rear panel) o either the positive or
the negative output terminal, Mak=~
ing this connection will result in loss
of current control and will damage
differential amplifiers Q1 and Q7,

3-12 QOPERATION AS A CONSTANT VOLTAGE SOURCE

3-13 The instrument may be operated as a moderately
well regulated constant voltage source by operating it
inthe voltage limit mode (VOLTAGE LIMIT lighton).
{(When oparating as a voltage source, the outputvoli-
agerange is from D, 510 3008Vde. ) Inthis situation, the
output voitage will be held approximately constant at
the limit level, and the output current will change to
meet varying load conditions, For further information,
please consultan HP sales englneear.



3-14 OPERATION BEYOND RATED QUTPUT

3-15 The maximum ouiput voltage and current of
the supply is internally limited to 315Vdc and
110-115mA in order 1o protect internal components.
While the supply may be operated in the region be-
tween the rated output {300Vde, 100mA) and the
maximum output (315Vde, 110-115mA) without being
damaged, 1t cannot be guaranteed to meet all of its
performance specifications,

3-16 OPTIONAL OPERATING MODES
3~17 REMOTE PROGRAMMING, CONSTANT CURRENT

3~18 Either a resgistance or a voitage source can
be usead to control the constant current output of
the supply., The CURRENT contrel on the front
panel is automatically disabled when the supply is
used in the remote programming mode, It is rec=
ommended that shielded cable {with the shisld
connecied to terminal A3) be used to connect the
programming resisiance or voliage source to the
supply,

3~19 Resistance Programming (Figure 3-3), In
ihis mode, the output current varies at a linear
rate determined by the remote resistance program-
ming coefficient. This coefficient is different for
each ouiput currant range, as shown in Table 1-1
of this manual. The programming coefficient is de=~
termined by the constant current pregramming cur-
rent which is adjusted to 1mA 20,25% at the facto-
ry. If greater programming accuracy 1s required,
it can be achieved by adjusting resistor R32 as
outiined in Paragraph 5~68,

+ AQ Al A2 A3

PROGRAMMING <A
RESISTOR 2
2

o

~ A4 A3 ASB

Figure 3-3, Remote Resistance Programming,

Constant Current

3~20 Use stable, low noise, low temperature co=-
efficient programming resistors to maintain the
power supply's temperature coefficient and stabil-
ity specifications, A switch may be used to set
discrete values of output current, A make-before-
break type of switch zhould be used since the

output current will exceed the maximum rating of
the power supply if the switch contacts open during
the switching interval,

CAUTION

If the programming terminals (A0 and
Al) should open at any time during the
remote resistance programming mode,
the ouiput current will rise to a value
that may damage the power supply
and/or the icad, If, in the particular
programming configuration in use,
there is a chance that the terminals
might become open, it is suggested
that a 10K protection resistor be per—
manently connected across the pro-
gramming terminals., Like the pro-
gramming resistor, this resistor
should be a low noise, low tempera-
ture coefficiant type. Noie, how-
aver, that when this resistor is used,
the resistance value actually pro-
gramming the supply is the parallel
combination of the remote program-
ming resistance and the protection
resistor across the programming ter—
minals,

3~21 If the negative output terminal of the supply
is grounded, care must be taken to avoid leakage
current paths from the prograwmming source o the
negative cutput terminal {ground). Shunt paths
such as this will seriously degrade the perform-
ance of the supply,

3-22 Voltage Programming {(Pigure 3-4). In this
mode, the output current varies at a linear rate
determined by the voltage programming coefficient
given in Table 1-~1, The entire voltage span for
the programming source is approximately 0-10
volts. The programming voltage should never be
allowed to exceed 12 voltz, Voltages in excess
of this will result in excessive power dissipation
in the instrument and possible damags,

3-23 The 1md programming current, flowing into
terminal &1 from the reference supply (see sche-
matic}, imposes two restrictions in the voltage
programming mode, The first restriction is that the
voltage source must be capable of sinking {absorb~
ing} this 1mA current; the second restriction is
that if the programming terminals are opsned, the
ImA programming current will cause the output cur-
rent to rise fo an excessive level (refer to CAUTION
note of Paragraph 3-20), A protection resistor,
previously menticned in the CAUTION note, can bhe
empioyved to limit the output current to a safe value
under any conditions,
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Remote Voltage Programming,
Constant Current

Figure 3~4,

3=-24 If the user's voltage source cannot sink the
1mA programming current, the programming cur-
rent path to terminal Al can be opened by removing
resistor R32 {mounted on standoffs) from the main
printed circuit board, This does not detract from
the voltage programming performance in any way
but does eliminate the need for sinking the pro-
gramming current, Opening R32 also eliminates
the need for an open-terminal protection resistor,
Opening the programming terminals when no pro-
gramming current 1s flowing results in zerc output
current rather than an excessive ouiput current,

3-25 The programming voltage source must always
be floating {ungrounded). If the negative output
terminal is grounded, shunt leakage paths from the
floating programming source to the negative termi-
nal must be avoided, To accompiish this, the
case of the voltage source can be connected to the
circuit common terminal (A3}, thus affording pro-
tection against leakage, If this method is used,
ensure that the case is not grounded by any means
such as the powar line,

3~26 REMQOIE PROGRAMMING, VOLTAGE LIMIT

3=27 The voltage limit of the supply can be pro-

grammed with a remote registance or voltagse gource
Note that the front panel VOLTAGE con-

if reguired,
trel is auvtomatically disabled in the following pro-
cedures,

3-28 Resistance Programming {Pigure 3-5). The
voltage limit of the supply is determined by the
programming coefficient of 820 ohms per volt, The
voltage programming current is imh and is factory
adjusted to within 15%. Adjustment of the pro-
gramming accuracy can be achieved by adjusting
resistors RRE and RB7 as described in Paragraphs
5-69 and 5-72,

3-29 A switch can be used in conjunction with
various resistance values in order to obtain dis-
crete voltages, The switch should have
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make~-before~break contacts to avoid momentarily
opening the programming terminals during.the
switching interval, Opening the programming fer-
minals {A4 and A6) causes the output voltage to
rise to an excessive level that may damage the
load,

+ AQ Al AZ A3
olelglole]
X

PROGRAMMING
. RESISTOR
3 L

— A4 A5 A6

Figure 3=5, Remote Resistance Programming,

Voltage Limif

3-30 Voltage Programming (Figure 3-8). In this
mode, the voltage limit will vary in a 1 to 1 ratio
with the programming voliage (voltage source},
The voltage source used must be capable of sink~
ing the 1mA programming current flowing into ter-
minal A6, and it must be floating with respect to
the output terminals and earth ground,

+ AQ Al A2 A3

folo!

4 VOLTAGE
SOURCE

~ A% A5 A6

Figure 3-6, Remote Voltage Programming,

Voltage Limit

3-31 EXTERNAL VOLTAGE MONITORING

3-32 If an accurate measurement of the output
voltage is required, it ¢can be obtained by connect-
ing an external volimeater between the front panel
+METER and {~) terminals, or between the rear (A0}
and (-) terminals as shown in Figure 3-7. When
connectad in this manner, the external volimeter
will indicate the actual output voltage with an



accuracy of £} millivoli, Notice that the meter is
connecied between the guard and the negative ter-
minal rather than the positive and the negative ter-
minal, Connecting the meter to the guard supply
effectively isolates the meter from the main power
supply, preventing the performance degradation
that would oceur if the meter were connected dir-
ectly across the positive and negative cutput ter-
minals,

+ AD At AR A3
POWER SUPP LY a o :"“":
-
+
METER + —
.9 A° +
sn (@)
R -
oy
i o2
+ N E il i
~ A4 A5 AB
Figure 3-7. External Voltage Monitoring
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The external voltmeter must not draw
more than 1mA from the programming/
guard supply (the A0 or +METER ter-

minal}. A current drain in excess of
1mA will seriously impair the opera-

tion of the power supply.

3-33 EXTERNAL AC MODUIATION

3=-34 Figure 3-8 shows a method of superimposing
an ac component on top of the adiustable d¢ ouiput
current of the supply. The d¢ current level is con=
trolied in the normal fashion from the front panel,
whiles the ac component of the output current is
determined by the modulation percentage, The
percentage of modulation is determined by the am~
piitude of the external voltage input and the value
of the series resistance according to the following
formula: % Modulation = 100 E}“Esource {o=~p) /Ry
{in K;-\):I . The programming voltage appearing
across terminalis Al and A3 should be limited to
10V p-p and must not excead 12 volts if damage

to the instrument is to be aveided, Using the
above formula, the user would require an external
registance of K~ and a 4 volis peak-to-peak in-
put signal from the external source to modulate a
de current level of 50mA by 100%. In this case,
the cutput current would swing between 100mA and
zero amperes, The output current should never be

allowed to swing bevond the rating of the supply
(100md), or clipping of the output and possible in~
ternal damage will regult,

+ AD Al A2 A3

—2le[glole]
@

—1ele[o[]

A4 AB AS

Figure 3-8, External AC Modulation

3-35 The coupling capacitor {Cg) should be
chosgen so that its reactance ig at least ten times
smaller than Ry at the frequency of intersst. For
input freguencies up to 50Hz, the ocutput of the
supply can be modulated 100%. Above 50Hz, the
modulation capability decreases linearly to ap-
proximately 10% at 500Hz.

3«36 It is possible to simultaneocusly remote re-~
sistance program and extemally modulate the dc
current output simply by combining the strapping
patterns of Figures 3-3 and 3-8 as foliows:

a. Connect external modulation source,
coupling capacitor, and series resistor batween
terminals Al and A3 as shown in Figure 3-8,

b, Do not connect strap between terminals
Al and A2,
c. Connect remote programming resistance

between terminals A0 and Al as shown in Figure
3-3,

If it Is desired to simultaneously remote voltage
program and externally modulate the do current
output, please consult an HP sales engineer,

3-37 SPECIAL OPERATING CONSIDERATIONS
3-38 PULSE LOADING

3-39 The power supply will automatically cross
over from constant current operation to voltage
limited operation if the output voltage reaches the
preset limit due to an increase in load resistancs,
Although the preset limit may be set higher than



the average output voltage, high peak voltages
due to pulse loading may reach the preset limit
and cause crossover to occur. If this crossover
limiting is not desired, the voltage limit should
be set for the peak requirement and not the aver-
age,

3-4( REVERST VOLTAGE LOADING

3-41 Diodes VR6 and CR43 are connected in
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series internally across the supply, Under normal
Operating conditions, the series combination of
these diodes is reverse biased (enode connected
to the negative output terminall, Ifa reverse volt-
age is applied to the output terminals lpositive
voltage applied to the negative output terminal),
the diode combination will conduct, shunting cur-
rent through it, These dicdes protect the series
regulator transistors,
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Figure 4-1.
4-1 OVERALL BLOCK DIAGRAM DISCUSSION
4~2  The major circuits of the power supply are

shown in Figure 4~1. The input ac line voltage
passes through the power transformer and is con~
verted by the rectifier and filter to "raw" or un-
regulated do, This "raw" dc is applied to the
gseries regulator, which varles its conduction in
order ¢ keep the ouiput current at a consiant
lavel, The range of the output current is selected
by the cwrrent RANGE switch; the position of the
switch determines the values of current sampling
resistance that is placed in series with the posi-
tive output terminal,

Overall Block Diagram

4-3

tor{s)., The purpose of this feedback loop is to
maintain the current flowing through ihe series
regulator at a constant, well regulated value,

During normal constant current operation, the con-
stant current comparator continuously compares the
voltage drop acrosgs the current sampling resistor
with the reference voltage from the programming/
if a difference betwesn these two
voltages exists, that is, if the IR drop across the
current sampling resistor doess not egqual the pro-

guard supply.

gramming/guard supply voltage, the constant

The series regulator is part of a feedback
loop whose other components include the constant
current comparator and the current sampling resis-



current comparator sends an amplified error signal
to the series regulater, The error signal alters the
conduction of the series regulator until the voltage
drop across the current sampling resistor once
again equals the programming/guard supply voli=
age, Thus the actual output current is held con-
stant at a level proportional to the programming,/
guard supply voltage,

4-4  The programming/guard supply is an indepen-
dent, regulated, variable voltage supply that si-
multancously performs two distinet functions, In
its primary or programming function, its cutput
voltage serves as a reference against which the
drop across the sampling resistor is compared in
order o maintain the output current at a constant
level, In its guard function, its output is con~
nected to a copper guard conductor surrcunding the
positive output terminal, Since the constant cur-
rent comparator maintains the positive cutpul ter-
minal at the same potential as the output of the
programming/guard supply, no leakage current
flows from the positive output terminal. Instead,
leakage current that would normally flow from the
positive output terminal flows from the guard con-
ductor via the low impsdance programming/guard
supply,

4~5  As mentioned above and shown in Figure 4-1,
the clrcuit common point for the supply ( ) is
the inboard side of the current sampling resistor,
This is a significant point because it insures that
only the output current flows through the current
sampling resistor, In this way, any leakage cur-
rent flowing directly between the supply's two out-
put terminals is eliminated, and precise load reg-
ulation is obtained, WNote that the circuit common
point is at a different potential than both the neg-
ative output terminal and the chassis ground.

4-6  The guard conductor also serves as a con-
venient ¢onneciion point for the meter circuit, If
the volimeter were to be placed directly across the
cutput of the supply, its relatively low resistance
would degrade the lead regulation and diminish the
load current, Instead, the voltmetler is connected
betwaen the guard conductor and the negative out-
put terminal (remember that the guard is maintained
at the same potential as the positive ouiput termi=-
nal), The meter drive current is thus supplied by
the programming/guard supply and not by the main
regulated current supply, The ammeter is connaci-
ed belween circuit common and the guard conduc-
tor, allowing it to indicate the output voltage of
the programming/guard supply. As described in
Paragraph 4-3, the IR drop across the current same-
pling resistance is held equal to the cutpui vaoltage
of the programming/guard supply: thus measuring
this voltage produces an indication of the {output})
current flowing throughn the current sampling resis-
tor,

4-2

4-7  The turn-on/turn-off control consists of a
pair of long-time~constant networks that allow the
supply te achieve a gradual turn-on and turn-off
characteristic, thus minimizing any current tran-
sients appearing in the output when the instrument
is first turned on or when power is suddenly re~
moved, At turn-on, the contrel circuit withholds
drive current fromthe series requlator until ali
cther circuits in the supply have stabilized. At
turn-cff, the control circuit immediately interrupts
the drive current, thus preventing the series regu-
lator from remaining on while its bias and control
voltages are falling,

4-8 The bleed circuit maintains a continuocus,
small current flow through the series regulator,
This current provides a path for leakage currents
and keeps the series regulator on and in its active
region at all times, even when little or no ouipui
current is being drawn from the supply. Maintain-
ing this on-condition insures that the supply will
maintain its regulation at very low output currents,

4-9  The voltage limif circuit provides an adjust-
able limit on the output voltage of the supply, If
the output voltage exceeds the preset limit (set
with the front panel VOLTAGE contrel), a shunt
regulator gate diede is driven inte conduction. The
ghunt regulator draws current away from the load,
causing the output voltage of the supply to be
clamped to the preset limit level.

4-10 The voltage limit lamp circuit drives the front
panel LIMIT lamp; this circuit is activated by the
shunt current that flows through the voltage limit
circuit when the supply output voltage rises to the
preset limit level, When lit, the lamp informs the
supply operator that the full programmed output cur-
rent is no longer being supplied to the load, and
that the output voltage has reached the preselected
limit,

4-11 The combination of the programming scheme
and the voltage limit circuit used in the 6186C 51w
low the output current to be set without shorting the
cutput termingls., As noted in Paragraph 4-8, the
front-panel ammeter indicates the programmed oute
put current, If the supply is operating in the nor-
mal constant current mode, all the programmed out-
put current is delivered to the load; if the supply
is operating in the voliage limit mode, part of the
programmed output current (or all of it, if no load
is comnected) is flowing through the shunt re gula-
tor, Thus the seriss requlator and the current sam—
pling resistor are always conducting the program-
med output current, and the ammeter, actually in-
dicating the output voltage of the programming/
guard supply, indicates the programmed output cur-
rent regardless of the load connected to the supply.

4-12 The reference supply provides reference and
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Figure 4-2,

bias voltages for the constant current section of
the instrument, The supply has four regulated
cutputs (+12.4V, +7.5V, +6.2V, and -15V). An ad-
ditional, unregulated output {(+29V) is provided for
use in the bleed circuit and the voliage limit lamp
circuit,

4-13 SIMPLIFIED SCHEMATIC DISCUSSION

414 The simplified schematic of Figure 4-2 il-
lustrates the three main circuits in the power sup=~
ply. These circuits (the programming/guard sup-
ply, the main current regulator, and the voltage
limit circuit} are delineated by separate shaded
areas in the figure. The following paragraphs
discuss the functional details of each circult and
the feedback loops formed by thé interconnection
of the three circuits,

4~15 PROGRAMMING/GUARD SUPPLY

4-16 The pregramming/guard supply is an

Simplified Schematic

independent, regulated, variable voitage supply,
The operation of this supply is most easily under-
stocd when it is drawn in the standard operational
amplifier configuration shown in the top third of
Figure 4-2. An input voltage Ep (derived from the
reference supply and reference diode) is applled to
summing peint "8" via resistor Rg. The output
voltage Er~ is fed back to this same summing point
through resistor Rg (the front-panel CURRENT con~-
trol}, Because the lnput impedance of the amplifier
is high, the input current to the amplifier can be
conslidered negligibly small, and all of the input
current flows through both resistors Ry and Rg.

The feedback and the very high gain of the amplifi-
er holds the two inputs to the amplifier equal;
therefore, sgince one input is connected to circuit
common { }, summing point "S" is held ai zero
potentiai (virtual ground). From the above state-
ments, the standard gain expression for an opera-
tlonal amplifiser is easily derived as

Eg = ~Eg (RQ/RR}



This equation indicates that the output voltage Ex
of the programming/guard supply is linearly depen-
dent upon the setting of the current control, RO
{doubling the value of Ry doublss the output voli-
age), Thus lnear control of the regulated output
current is assured,

4-17 MAIN CURRENT REGUIATOR

4-18 As discussed in Paragraph 4-3, the output of
the programming/guard supply provides the pro-
gramming voltage (E¢y) for the main current regula-
tor, This dc voltage, negative with respect to cir-
cult common, is applied to one of the inputs of the
constant current comparator. The other input is
connacted to the current sampling resistor Ry,

The constant current comparator continuously com-
pares the voltage drop across the current monitor-
ing resistor (IQUTRM) with the programming voli-
age (Bg), I these voltages are momentarily un-
aqual due to a load disturbance or change in the
output current contrel setting, the error voltage is
amplified and applied to the series regulator tran-
sistors, altering the curreni conducted through
them and forcing the voltage drop IouTRM to once
again equal Z¢G.

4-19 The output current is thus related to the pro-
gramming voltage and the reference voltage by the
relationship

Iour = Eg/Ry = EgRQ/RrRy;

Asg this equation suggests, current sampling resis-
tor Ry is a critical component and is selected to
have low nolse, low temperature coefficient, and
low inductance, Its ohmic value is large enough
to give an adequate current monitoring voltage,
yet small enough to minimize its temperature rise
and the resulting resistance change caused by its
own power dissipation., Note that the same pro=-
gramming voltage is used on all three output cur-
rent ranges, and that the range is changed by
switching the value of the current sampling resis-
tors (ses FPigure 4-1).

4~20 The high output impedance of the power sup~
ply is a result of several factors, both electrical
and mechanical, Tirst, the series regulator tran-
sistors are in a cascode configuration {seec Para-
graph 4-50), which has an inherently high output
impedance. Second, the high open-loop gain of
the constant current comparator and error amplifier
provides greatly increased closed-loop output im=
pedance when feedback is introduced, Third,
there is no physical output capacitor placed across
the output terminals. Although the output imped-
ance fzlls off with frequency due to the necessary
gain and phase compensation in the amplifier cir-
cuits, it is much higher than it would be if a ca-
pacitor were connected across the output terminals,

{1

4-4

Finally, the impedances of internal leakage paths
have been made as high as possible by careful
mechanical design, For example, the series regu -
lator transistors are electrostatically isolated from
the chassis by a copper-clad mylar shield connect-
ed to circuit common; the transistors are insulated
from the shield with a laver of boron nitride which
has an extremely high insulation resistance.

4-21 Further reduction in leakage, both internal
and external, is achieved through active guarding,
The operation of the active guard depends on the
fact that the unwanted leakage currents are flowing
through some impedance to get into or out of the
sensitive circuit, By carefully surrounding the
sensitive circuit with a conducting surface or
guard, each of the impedances between the sensi-
tive circuit and the cutside world can be split into
two parts, one between the guard and the sensitive
circuit and one between the guard and the rest of
the world, When the voliage between the guard and
the sensitive circuit is kept at zero, the guard ac-
complishes its purpose of eliminating unwanted
currents Ilowing into or out of the sensitive circuit,
The guard is not connected directly to the sensitive
circulty if it were, then no improvement would re-
sult,

4-22 As discussed in Paragraph 4-4 and shown in
Figure 4-2 by a dotted line, the positive cutput
terminal, the current sampling resistor, and the
non-inverting input to the constant current compa~
rator are all surrcunded by a guard conductor conm
nected to the output of the programming/guard sup-
ply, The constant curreni comparator keeps the
positive output terminal and the guard conductor
within one millivolt of each other for any load or
ouiput setting, Any leakage impedance connecied
to the positive output terminal thus has nearly zzro
volts across it, and leakage currenis are forced to
{low through the guard instead of the positive out-
put terminal,

4-23 VOLTAGE LIMIT CIRCUIT

4-24 The basic function of the voliage limit circuit
is to provide an adjustable limit on the power sup~
ply output voltage, This limit is necessary to pre-—
vent the output voltage from rising to the "raw"
supply voliage of more than 400 volis when the load
is removed; such prevention is necessary for the
protection of both load and operator.

4-25 The voltage limit circuit is an independent,
regulated, variable voltage supply with output
voltage Bl. The veltage divider formed by the volt-
age limit control Rp and resistor Rp allows a frac-
tion of this cutput voltage to be apnlied to one in-
put of a comparator, A zeéner diode connected to
the other input of the comparator establishes a ref-
erence voltage. If a difference exists between the



reference voltage and the fraction of the output
voltage, an error signal is produced by the compa-
rator and applied to the shunt regulator, which
varigs its conduction until the cutput voltage By is
at the level required by the setting of the voltage
limit control,

4-26 When voltage iimiting action is not oceouring,
the setting of the voltage limit contrgl establishes
across the shunt regulator (as described in Para-
graph 4-25} a preset voltage limit Ey which is
higher than the positive cutput voltage and its
twin, the guard voltage. Since there is zero volts
across the series combination of isclation diode
CRZ2 and resistor Ry, no current flows through
them, Potential B is thus present at their junc-
tion, back-biasing isolation diode CRZ1. Any
small reverse leakage current flowing through CR21
flows through Ry and into circuit common via the
programming/guard supply, but does not flow inio
CRZZ or the positive output terminal., The shunt
regulator conducts a "standby" current through
bias resistor Rpi this current insures that the shunt
voltage regulator is operating in its linear region,
ready 10 react quickly when voltage limiting action
is required, thus minimizing crossover iransients.

4-27 If the output voltage exceeds the preset volt-
age limit value, CR22 and CRZ21 conduct, momen-
tarily placing a potential higher than Ey on the col-
lector of the shunt regulator, This unbalances the
voltage limit comparator, which causes the shunt
regulater to increase its conduction, diverting a
portion of the current that would otherwise flow to
the load, Since the load receives less current, the
output voltage of the supply drops until it reaches
the preset voltage limit (Ef), at which point it is
clamped by the regulating action of the voltage
limit circuit.

4-28 When CR22Z and CR21 are conducting, the
programming/guard supply provides a current
through Ry and CRZ1 of such magnitude that the
voltage drop across Rp exactly equals the forward
voitage drop across CRZZ, This insures the con-
tinuing fullfiliment of the primary condition requir-
ed by the main current requlating feedback loop
(zero potential between the positive output terminal
and the guard conductor), The voltage drop across
resistor Ry is also used to trigger the voltage lmit
light circult, since the voltage drop is present
only when the voltage limit circult is activated,
Note that even during voltage limiting action, the
cuiput of the programming/guard supply {EG) is
maintained at a value egual to the potential at the
positive output terminal., Both guarding action and
the normal control action of the main current requ-
lator continue, minimizing any cutput current tran-
sients which might tend to occur during transfer
from voltage limit mode to normal output current
mode. Qutput voliage transients are also
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minimized, since the voltage limit circuit goes in-
to operation in as little time as it takes to turn on
the two isclation dicdes.

4-29 DETAILED CIRCUIT ANALYSIS
(See Figure 7-4)

4-30 REFERENCE SUPPLY

4-31 The reference supply is an independent, reg-
ulated voltage supply that provides stable bias and
reference voltages used throughout the instrument,
All the references voltages are derived from raw dc
obtained from full wave rectifier CRIS~CR3B and

filter capacitor C35; all the vollages are measurad
with respect to the circuit common point ( v ).

4-32 The regulating circuit consists of differential
amplifier Q11-Q12, driver Ql4, and series regula=-
tor Q15-Q16, Temperature-compensated zener
dicde VR4, connected to the base of Q12 and bias~
ed by resistor R48, provides a stable reference
voltage {+6,2 volis with respect to circuit common)
for one. input of the differential amplifier. The
voltage divider formed by resistors R45 and R46 ap~
plies half of the +12.4V regulated cutput (+86,2V) to
the other input (Q11 base). The feedback loop
functions to maintain the difference between these
two inputs at zero, For example, if the +12,4V
output momentarily increases, Ql1 increases its
conduction, which decreasas the conduction of
Q14 and therefore lowers the base current flowing
cut of series regulator Q15-Q16, The +12.4V out~-
put thus decreases from its higher-than-normal
value back to +12,4V,

4-33 Triple-junction dicde CR12Z sets the operating
level for Q14. Note that the output of the differen~
tlal amplifier is taken from both collectors; this
has the effect of doubling the voitage gain of the
stage, when compared with the customary single-
cotlector~output differential amplifier configura-
tion, Resistors R41 and R42 in the emitters of
series regulating transistors Q15 and Q16 cause the
current through the two transistors to be shared
equally; R40 is a bleed registor that allows turm-
on of the reference supply by providing a current
path into the ocutputl of the regulator, Diode CR14
is one of many turn~-on/turn-off didoes used
throughout this instrument. In general, the func-
tion of these dicodes iz to eliminate output current
and voltage itransients when the unit is first turn=-
ed on or when input power is suddenly removed,
Specifically, CR14 blocks series regulator bias and
bleed current flow through VR3, VRS, and C15 to
¢ircuit common {(and thus to the cutput of the unit}
at turn-off,

4-34 Zener diode VR7, biased from the +12,4V out-
put through CRL6 and R68, provides a regulated
+7.5V output; VR3 and VRS provide a regulated ~15V



output, An additional unregulated +29V output
{used in the voltage limit lamp circuit and the

bleed circuit) is drawn from the positive end of
C3s,

4~-35 PROGRAMMING/GUARD SUPPLY

4-36 The programming/guard supply is an inde~
pendent, regulaied, variable voltage supply, As
described in Paragraph 4-4, it provides the pro-
gramming voltage for the constant current compa-
rator, and also provides a guard potential that
eliminates leakage currents flowing between the
instrument's output terminals, Paragraph 4-16
describes the operation of the programming/guard
supply in operational amplifier terms; the follow-
ing paragraphs describe the supply's operation on
a siage-by-stage basis,

4-37 The programming/guard supbly consisis of a
differential amplifier and associated constant cur-
rent source (Q7A-Q7B and Q5), an error amplifier
{22), and an output regulator {Q8 and Q9). The
differential amplifier consists of two matched sil-
icon transistors housed in a single package: this
configuration minimizes thermal differential drift
since both transistors opérate at the same temper—
ature, Transistor Q5, connected as a constant
current source, blases the emitters of both transis-
tors in the package, Q5 is bilased with the com-
bination of VR1 and R34; these components are
shared with Q4 in the constant current comparator,
Ore input of the differential amplifier (Q74 base)
is connected to the circuit common point throuch
resistor R30. The other input {Q7B base) ig con-
nected to a summing point {(terminal A1)} at the
junction of programming resistor R15 and current
pullcutresistors R31 and R32. Diodes CR7, CRE, and
CR49 forma limiting network that protects the input
from overvoliage. Polentiometer R29 (GUARD ZERO
ADTUST) allows the differential amplifier base-to~
base voltage to be balanced by varying the ratic of
the differential amplifier's collector currents,

4-18 Instantaneous changes in the output of the
programming/guard supply {terminai AD) result in
an increase or decrease in the summing point po-
tential; this unbalances the differential amplifier
and produces an error signal. The error signal is
amplified and fed to the programming/gquard sup-
ply's output regulator, which alters its conduction
sufficiently to return the cutput voltage to its
former level (selected by the setting of CURRENT
control R15) and thus balance the differential am-
plifier., Because the summing point is held at a
virtual ground by the high gain of the supply's
feedback loop, a constant current flows from the
+6.2V reference through R3] and R32; this produces
a constant current through the programming poten-
tiometer, which insures linear programming, Re-
sistor R33, connected in paraiiel with R31 and R32,

provides an exira current that allows for the toler—
ance of R15; this insures full-range programming,

4~39 Amplifier Z2 is a high-gain, bipolar output,
1IC operational amplifier. Components C7, ©9
Cl8, Cl1, R25, and R3é provide gain and
phase compensation for the stage; CRS and CR10
form a Hmiting network that protects the inputl from
overvoltage,

4-40 The programming/guard supply output regu-
lator is a push-pull emitter follower. Its function
is 10 maintain the programming/quard voltage (vari-
able between 0 and minus 10 volts with respect to
clreuit common} at the level set by the OURRENT
control. If a change in the CURRENT control set-
ting requires the volitage to decrease (become less
negative), the posgitive error signal produced by 22
drives QY into greater conduction and decreases the
conduction of Q8, pulling the output voltage to-
wards +12.4V. If the voltage is required to in-
crease (become more negative), the negative error
signal produced by Z2 drives Qf into greater con-
duction and decreases the conduction of 99, push-
ing the output voltage towards —15V. This push-
pull action results in much faster programming than
if a single~ended stage were used. Zener diode VRS,
connected across load resistor R19 and output filter
capacitor Cl, prevents the programming/guard sup—
ply output voitage from going positive at turn-off
or from exceeding ~12. 4V, The combination of

VRé& and CR43, connected in series from the minus
output terminal to circuit common, alsoc provides
reverse voltage protection for the entirs instrument.

4-41 CONSTANT CURRENT COMPARATOR

4-42 The constant current comparator is a differ—
ential amplifier whose function is to compare the
voltage drop across the current sampling resistor
with the output voltage of the programming/guard
supply, and te produce an error signal proportionatl
to the difference, As discussed in Paragraph 4-18,
the error signal is applied to the series regulator,
which alters its conduction until the IR drop across
the sampling resistor equals the programming/guard
supply voltags, thus keeping the output current
constant at the desired level,

4-43 The constant current comparator consisis of
a differential amplifier and associated constant
current source {QlA-Q1B and Q4), a differential
driver amplifier (Q2~Q3) and an ocutput amplifier
{21}, As in the guard supply, the differential am-
plifier consists of two matched silicon transistors
in & single package. The emitters of the differan-
tial amplifier are biased by constant current source
Q4: as mentioned in Paragraph 4-37, the biasing
componants for Q4 (VRI and R34) are shared with
Q5 in the programming/guard supply, ©One input of



the differential amplifier (Q1B base) is connected
to the output of the programming/guard supply (ter-
minal A0) through jumper J1 {used in the trouble~
shooting procedure); the other input (Q1A4 base) is
connected to the outboard side of the appropriate
current sampling resistor (Rl, R2, and/or R3)
through R16 and current RANGE switch 82. Diodes
CR3, CR4 and CR48 form a limiting network that
protects the input from overvoltage. R16 limits
the peak current that output transients can inject
into the programming/guard supply through CR3
(end also acts as a fuse). Potentiometer R11
(CONSTANT CURRENT COMPARATOR ZERC ADTJUST)
allows the differential amplifier base-to-base
voltage to Be balanced by varying the collector
voltage on Q1A

4-44 Differential driver amplifier Q2-0Q3 is an
emitter follower; its primary function is to match
the relatively high output impedance of differential
amplifier Q1A-QIB to the relatively low input im-
pedance of amplifier Z1. CRI and CR2 form a
limiting network similar in purpose to CR3 and CRr4,

4-45 Qutpul amplifier Z1 is a high-gain, bipclar
output, IC operational amplifier, Components C2,
G4, C5, €33, and R4, provide gain and phase
compensation for the stage. At ‘turn-on, diodes
CRS0 and CR51 clamp the output of amplifier 21
until the sertes regulator is turned on and the cur-
rent feadback loop stabilizes. This prevents C2
from charging up to +12. 4 volts and delaying the
start of regulation until it discharges. The amplifier
acts as a variable current sink for the drive current
supplied to the series regulator through transistor 022
in the turn~on/tum-off contrel {see Paragraph 4-47).
For example, if the sampling resistor voltage drop
is momentarily higher than the output voltage of the
programming/guard supply, amplifier 2] increases
its conduction and diverts more drive current away
from the series regulator, causing a corresponding
decrease in the regulated output current. This de-
crease causes the sampling resistor voltage to drop,
returning the diffsrential amplifier to a balanced
condition., Diode GR17, connected in the error am=
plifier’s output line, prevents the amplifier cutput
from reversing and driving current into the series
regulator {such current would generate an unwanted
turn~-on signall.

4-46 TURN~-ON/TURN-OIT CONTROL

4-47 The turn-on/tumn-off control consists of a
pair of long-time~-constant networks that allow the
supply to achieve a gradual turmm-on and tum-off
characteristic by conirolling the drive current 1o
the serles regulator. The source of the drive cur—
rent is the +12,4V reference voltage; the path the
current follows during normal operation is through
CRLI6 into the emitter of 022 (saturated during nor=

i
]
~I

mal operation), out the collector through R69 and
CR45, and into Q29 and Z1, At turn-on, capacitor
C18 initially couples ~15V to the base of 029,
keeplng it in cuteff. The series regulator drive
current is thus diverted through CR34 into C18.

Ag Cl8 charges, CR34 becomes back-biased and
CR45 becomes forward blased, switching the drive
current into the series regulator. Capacitor C18
then continues charging through R85, insuring that
CR34 remains back-biased. Diode CR6 provides a
discharge path for C18 at turn—off, resetting the
circuit for ancther turn-on cvele,

4-48 At turn-off, the voltage on capacitor C21
(discharging through RE6) falls slowly compared to
the +12.4V reference. This reverse bDiases the
base-emitter junction of Q22, immediately turning
it off and interrupting the series regulator drive
current.  The series regulator is thus prevent-

ed from remaining on while its bias vbltages

are falling {such a condition could result in uncon~
trolled output current transients),

4-49 SERIES REGULATOR

4-50 The series regulator iz the heart of the con-
stant current supply; it regulates the output cur~
rent by altering its conduction in accordance with
the feedback signal from the constant current com-—
parator and the main error amplifier, Reduced to
its basic form (see "Main Current Regulator” block
in Figure 4-2), the circuit consists of a common
emitter stage in series with a common basge stage,
This configuration, called "cascode" in technical
literature, affectively combines the advantages and
eliminates the disadvantages of cach of the two
types of circuits, A common base stage has high
output impedance {very desirable in a constant cur-—
rent source}, but is difficult to drive because all
the drive cuwrrent must go through the collector bias
source, A common e, itier stage, while easvy to
drive, has a relatively low ocutput impedance,
Combining these two circuits in a cascode config-
uration results in an amplifier that is both easy to
drive and has a high output impedance.

4-51 Referring to the schematic diagram (Figure
7-4), it can be seen that transistor Q29 is the com-
mon emitter stage (emitter connected to circuit
common through R58); and that Q24 through

Q28, when taken as a unit, form the com-

mon base stage (base connected to circuil common
through the referonce supply). Transistors Q24 and
Q26 form a Darlington palr, as do trangistors Q25
and Q27 (leakage resistors R62 and R63 can be con-
sidered as having negligible effect upon the Dar-
lington action). Viewing each pair as a single
transistor, it can be seen that Q24~026, Q25-0Q27,
and Q28 form a siring of three equally-biaged,
common-base stages (R73, R72, R71, VRZ, apd R51



form the bias network)., Three series stages are
required due to the high power dissipation involved,
Zaner diodes VR10! through VR106 protect each of
these three geries stages from excessive vollage
due to the unequal voltage division that might
occurduring a transient cauged by shorting the out-
put. Note that the use of Darlington pairs in this
cirquit reduces the power dissipation in the bias
network, since the drive current of Q26 and Q27
flows through Q24 and Q25 instead of R73 and R72.

4~52 Diode CR18 limits the reverse bias on the
base-emitter junction of Q29. CR19 provides a path
for the series regulator bleed current at turn-on
{through the +29V unregulated reference supply
voltage to circuit common). C20 and R70 shape

the frequency response of the zeries regulator,

4-53 BLEED CIRCUIT

4=54 The bleed circuit mainiains a continuocus
current flow through the series regulator, keeping
it on and in its active region at all times, The
circuit has two internal current paths—an "active"
path and a "passive" path., Resistors R100 and
R101, connected from +29V to the negative output
bus {and thus effectively from circuit common to

. the negative output bus}, form the "passive” path.
These resistors draw a current through the series
regulator whose magnitude s proporiional to the
supply output voltage,

4«55 In order to maintain the bleed current at a
relatively constant value over the complete range
from no load to full load, another current path
{"active") is provided by transistors Q37 and Q39.
These transistors form a variable current sink
whose conduction is controlled by driver Q38, The
base of Q38 senses a portion of the output voltage
at the guard conductor through voliage divider
R9B-RY9. As the output voltage decreases, Q38
increases its conduction, thus increasing Q37's
conduction, This increase in current approximately
balances the decrease in the current flowing
through R100 and R101; thus the total current
drawn through the series regulator by the bleed
circuit is maintained at a relatively constant level,

4«56 Driver stage Q38 is biased from the lower
end of R115B in the voltage limit circuit, This
point, maintained at approximately +11,2V by VR12
and VR13, serves as a bias voltage source for
Q32, 033, and Q34 in the voltage limit circuit as
well as Q38 in the bleed circuit, Sink transistor
039 is biaged by R100 and R101; R94 is a "power
sharing" resistor that reduces the power dissipa-
tion in Q37 and ©Q38. Diodes CR39 and CR40 are
base-emitier junction protection diodes, Diode
CR25 prevents reverse current filow from the +11,2V
bias voltage source into the guard conductior.
Diodes CR30 and CR44 are turn-on/turn-off diodes;

CR30 (normaily off) and CR44 (nhormally on) allow
currant to flow from the 11.2V bias voltage supply
point through R1006 and R101 at turn-off, thus
keeping transistors Q37 and Q39 biased on as the
+209V reference supply voltage is falling.

4~57 VOQLTAGE LIMIT CIRCUIT

4-58 The operation of the voliage limit circuit is
explained functionally in Paragraphs 4-24 through
4«28, In summary, the voltage limit circuit is an
independent, regulated, variable voltage supply
that establishes a preset voltage limit across the
shunt regulater, When the ouiput voltage is less
than the limit voltage, isolation dicde CR22 has
zero volts across it, and CR21 is reverse biased.
When the output voltage slightly exceeds the pre-
set limit voltage, CR22 and CR2Z1 conduct, allow-
ing a portion of the output current to be diverted
away from the load and through the shunt regulator.

4-59 The voltage limit circult consists of a differ-
ential amplifier (Q33-Q34), an error amplifier
{032}, and a shunt regulator {935-Q36). One input
of the differential amplifier (34 base) senses a
fraction of the voltage limit circuit cuiput voltage
via the variable voliage divider formed by R84~RE7
and R85-RB6 in series with VOLTAGE conirol R75,
The other input {Q33 base) is connected to zener
dicde VR12, This diode, connected in series with
VR13 and biased through R115A-R1L15B, establishes
a +5.6V reference against which the fraction of the
limit voltage appearing at the other input i8 com-
pared. The combination of VR1Z and VR13 also es-
tablish a +11.2V bias voltage source for Q32, Q33,
and O34 in the voltage limit circuit as well as Q38
in the blead circuit, Diodes CR27 and CR29 form
a limiting network which protects against break-
down from overvoltage. Selected resistor R87 ad-
justs the value of the current (supplied by the
volitage limit programming current source; see
Paragraph 4-64) required to flow through R84-R87 to
produce a voltage drop exactly equal to that pro-
duced by VR12., Since this current is also flowing
through programming potentiomeier R75, adjusting
the current adjusts the voltage limit programming
coefficient, Selected resistor R86 compensates for
tolerance variations in VR8. By making the sum of
the voltage drops across VR1Z, RB3-R86, and the
end resistance of R75 equal to the sum of the volt-
age drops across VRB and CR20, the voltage limit
can be adjusted to approximataly zero when pro-
grammed to zero,

4-50 The feedback loop functione tc maintain the
difference between the two inputs to the differen-—
tigl amplifier at zero. For example, if the voltage
limit level (appearing at the collector of Q35) sud~
denly increaszes, Q34 increases its conduction,
driving error amplifier Q32 and shunt regulator



Q35-Q36 into greater conduction., The voltage
limit level thus decreases from its higher-than-
desired level back te the level at which the differ-
ential amplifier is balanced. The function of Q32
ig thus to amplify the error signal produced by the
differential amplifier to a level sufficient to drive
the shunt regulator. Diode CR31 protects Q32 in
the svent of a collector-base short in aither Q35
or Q36; zener diode VR19 limits the maximum cur~
rent flow through Q35 and Q36,

4-61 The shunt regulator must dissipate power over
a relatively wide range of veltages and currents.
Over most of this range, 035 functions as a driver
for Q36 while Q36 shunts the nacessary current

and shares the power dissipation with collector
load resistorg R117, R118, and R119. If the shunt
regulator must shunt a relatively high current while a
relatively low voltage limit is programmed, however,
the ability of 36 to conduct sufficient current is
limited by these collector resistors. Under thege
circumstances, Q36 goes into saturation and Q35
shunts the additional current required to maintain
the programmed voltage limit., This additional cur-
rent flows through the base-emitter junction of 036,
Capacitor C25 catches the initial voltage limit
transient that cccurs each time the circult goes
into voltage limit; resistor R91 discharges (25 at
turn-off. Bias resistor R79 allows the shunt re-
gulator te conduct a “standby" current and allows
C2Z5 to be charged to the desired level; this insures
that the reqgulator is always operating in its linear
regicn, ready to react quickly when voltage limit-
ing action is required. Diocdes VR, VR10, VRII,
VR14, YR15, and CR42, connected in series from
the negative output bus to the collector of the shunt
regulator transzistors, protect the transistors by
preventing the voltage across them from exceeding
approximately 360 volts (such protection becomes
necegsary if the supply is inadvertently operated

without the strap connecting rear terminals A5 and
Ab).

4-62 The zener diode string discussed in Para-
graph 4-61 also provides protection for the sefies
regulator, If the output voltage of the supply ex-
ceeds approximately 345 volts (as would happen
when the sirap between A5 and A6 was removed
under no~load conditions), diode CR41 conducts,
This action diverts most of the series regulator
drive current (supplied from Q22} through the zener
string and thus limits the voltage applied to the
series regulator to less than 345 volis. Under this
condition, zener diode VR15 holds the voltage limit
approximately 16 wvolis higher than the voliage on
the series regulator.

4~63 Zener dlodes VR16 and VR17 provide a bias
voltage that allows the output of the supply to be
set completely to zero, Without these diodes, the

minimum output voltage appearing between the out-
put terminals would be the sum of the forward
drops of CR21 and CR22, the minimum Vop {col-
lector-emitier voltage) of Q35 and Q36, and the
drop acress emitter resigtors R116 and R93, minus
the forward drop of CRZ6, With these diodes con~
nected between the shunt regulator transistors and
the negative output terminal, the effect of these
voltage drops ig neutralized and the minimum out-
put voltage appearing between the outputl terminals
becomes zero, Resistor R114, connected across
the dicdes, limits the maximum resistance of the
circuit, Diode CR46, connected from the junction
of the voltage doubler filter capacitors to the
junction of R115A~R1158, is ancother turn-on/turn-
off dicde; it allows C32 to charge up rapidly when
the supply is first tumed on, thus allowing the
voltage limit circuit to take effect before the series
regulator is activated,

4-64 VOLTAGE LIMIT PROGRAMMING CURRENT
SOURCE

4-65 The voitage limif programming current source
provides the programming current that flows through
VOLTAGE control R75 and resistors RB85~R86 and
RB84-~R87, This current produces a voltage drop
across R84-RB7 exactly equal to the vollage drop
across VR12Z, The cutput of the programming cur—
rent source is always greater than the current value
required to satisfy the above condition; any addi-
tional current flows through VR8 and CR20 into the
shunt regulator, Note that this "excess” current
is actually necessary to maintain the voltage limit
circuit's regulation, since the current through the
shunt regulator must be variable in order to allow
the fesdback ioop to reach a stable regulating con-
dition. During rapid down=-programming, diode
CR20 becomes back-blased (because the voltage at
the top of R75 is ialling faster than C25 can dis-
charge through the shunt regulator), allowing the
"excess" current to flow through the programming
potentiometer and R84-R87, The programming cur—
rent source thus limits the maximum current that
can flow through R75, R85-R86, and R84-RB7, If
CR20 were not present in the circuit, €25 would
discharge through these cowmponents, possibly
damaging R75.

4~65 The current source is comprised of two

series stages, Q30 and Q31. Function&liy)

these two transistors (and R78) can be considered
asg one transistor {Iwo series transistors are re-
quired only because of the high veltages invelved),
Base bias for Q30 and Q31 is provided by R77, R7S8,
and CR23; note that the voltage across these com=
ponents varies from approximately 100 volts to
over 400 volts as the voltage limit setting is var-

- ied. Thus the total output current of the program-

ming current source is variable and depends on the



voliage Umit setting; the difference between the
current flowing through RB4-R87 and the total cur—
rent is the "excess” current mentioned in Para-
graph 4-65. Zener dicde VRB adds an exira bias
voltage to the output of the voltage limit circuit.
By allowing the voltage limit circuit output to be
depressed helow the reference voltage at the sum=-
ming polnt [(+5.8V), the voltage limit can be set to
approximately zero,

4-67 VOLTAGE LIMIT LIGHT CIRCUIT

4-68 The voltage limit lamp clrcuit energizes the
front-panel LIMIT lamp whenaver the voltage limit
circuit 1s activated. As mentioned in Paragraph
4-28, a veltage drop equal tothe forward drop
across CR22 is developed across R60 (Ry) whenever
the voltage limit circuit is triggered; this volitage,
appearing on the base of Q20, is the turn-on signal
for the limit light circuit,

4-59 Transistors Q20 and Q21 form the voltage
limit sensing switch, When the limit light is not
on, Q21 is on and Q20 is off. Emitter currant for
020 is supplied by constant current source Q19,
Components R67, R58, RS9, and CR13 provide
hase blas for Q21 and allows the switch o func~
tion properly in the presence of a varving common
mods voltage (the 0 to ~10V output of the program-—
ming/guard supply appears between the guard and
cireuit common), When the circuit is activated,
Q20 turns on and Q21 tums off, driving Q17 into
conduction. Current thus flows from +29V through
R55, LIMIT light DS2, and Q17 to -15V. VR1B
keeps a constant 5,6V across the tight, preventing

lamp burnout from overvoliage,
4.70 METER CIRCUIT

4-71 'The ammeter {(MZ), connecied between cir-
cult common and the guard, measures the output
voltage of the programming/guard supply, As ex-
plained in Paragraphs 4-3 and 4-11, the constant
current comparator holds the drop across the cur~
rent sampling resistor equal to this output {refer-
ence} voltage; the ammeter thus indicates the pro-
grammed output current, Potentiometer R106 al-
lows calibration of the ammeter., The voltmeter
(M1) is connected between the guard and the neg-
ative output terminal, As explained in Paragraph
4-22, the guard conductor is maintained at the
same potential as the positive output terminal; the
voltmeter thus indicates the output voltage of the
supply. Potentiometer R110 allows calibration of
the volimeter,

4-72 VOLTAGE DOUBLER

4-73 The voltage doubler circult is comprisad of
diodes CR32 and CR33, and capaciters G30 and
3], The circuit operates as follows: during the
negative half-cycle of the input voltage, C3l is
charged through CR33 to one half the peak~to-peak
voltage appearing across the secondary of trans—
former T1, During the positive hali-cycle of the
input voltage, capaciter C30 is charged throuzgh
CR32 to the same lsvel, Thus the output voltage,
appearing across the series combination of C30
and G31, is double the value it would be for a fuil
wave bridge circult,



SECTION V
MAINTENANCE

5-1 INTRCDUCTION

5-2  Upon receipt of the power supply, the per—
formance check {Paragraph 5-5) should be made.
This check is suitable for incoming inspection,

if a fault is detected in the power supply while
making the performance check or during normal
operation, proceed to the troubleshooting proce-
dures (Paragraph 5-38). After repair and replace-
ment {Paragraph 5-47}, perform any necessary ad-
justments and calibrations (Paragraph 5-51), Be-
fore returning the power supply to normal

operation, repeat the performance check to ensure
that the fault has been properly corrected and that

no other faults exist,

Before performing any main—

tenance checks, tum on the power supply and ai-

low ong hour warm-up.

5-3 TEST EQUIPMENT REQUIRED

Swd

Table 5~1 lists the test equipment required

to perform the various procedures described in

this section,

Tabie 5-1, Test Equipment Required
REQUIRED RECOMMENDED
TYPE CHARACTERISTICS USE MODEL

Differential Sensitivity: 1mV full acale Measure dc voitages; cali- HP 3420A/B (See
Voltmeter (min.). Input impedance: 10 bration procedures. Note)

megohms {min,}, Resolution:

1 ppm of range,
Variabie Range: 90-130 volis, Qutput Vary ac input, ——
Voltage current; 2 amperes (min,),
Transformer Equipped with volimeter ac~-

curate within 1 volt,
AC Voltmeter { True rms. Sensitivity: 0,1mV Measure ac voltages and rms HP 340G0A

full scale deflection (min.)
Accuracy: 2%,

rippie,

Load Switch Rise time:; Zusec,

and programming speed,

Oscilloscope Differential input, Sensitivity] Measure ripple; display HP 1802 with 1821A
and bandwidth: 100pV/cm and | transient response wave- time base and 18064
300kHz for general measure- forms; measure nolse spikes. ! vartical plug-in: 18014
ments; SmY sensitivity and plug~in for measure-
50MHz bandwidth for noise ments requiring a wide
spike measurement or to check handwidth.
for high freguency oscillation.

DC Volt- Voltage sensitivity: lmV full Measure dc voltageg and HP 412Za

Ammeter scale (min.), Current sensi~ currents,
tivity: Imh full scale (min.).
Accuracy: 2%,

Repetitive Switching Rate: 60 — 400Hz, Measure transient response See Figures 5=-5 and

5-7

Resistive
Loads

Values: See Pigure 5-3. 30W,
3, 803w (R, 2, 3) (must be
noninductive) 19

Power supply load resis-
tors,

Wi
i
Yt




Table 5-1. Test Equipment Reguired (Continued}

REQUIRED RECOMMENDED
TYPE CHARACTERISTICS USE MODEL
Values: BSee Fi - 5%
Current alues: Sce I”.igure -3, 0',:5/’ Measure output current; cal- R1l, R2 and R3; see
X Sppm, 4-Terminal, 10W, VAW,
Sampling ibrate ammeter, parts tabile
Resistors 1/2W (Rgy, 2, 3) {Must be non-
inductive)
Decade Range: 0~100K. Adjust programming accuracy. -
Resistance Aceuracy: 0,1% pius I ohm,
Box Make-bafore-break contacts,

NOTE

A satisfactory subsiitute for a differ-
ential voltmeter is a referencs voltage
source and null detector arranged as
shown in Figure 5-1, The reference
voltage scurce is adjusted so that the
voliage difference between the supply
being measurad and the reference volt-
age will have the required resolution
for the measurement being made, The
volitage difference will be a function of
the null detector that is used. Exam-
ples of satisfactory null detectors are!
TIP 4194 null deiector, a de coupied
oscilloscope utilizing differential in-
put, or a 50mV meter movement with a
100 division scale, For the latter, a
2mV changs in voltage will result ina
metar deflection of four divisions,,

CAUTION—

Care must be exercised to avoid
ground loops and circulating currents
when using an electronic null detector
in which one input terminal is ground-
ed,

§-5 PERFORMANCE TEST

5-6 The following test can be used as an incom~
ing inspection check and appropriate portions of
the test can be repeated either to check the oper-
ation of the instrument after repairs or for periodic
maintenance tests, The tests are performed using
a 115Vac, 60Hz, single phase inpui power scurce,
If the correct result is not obtained for a particular
check, do not adjust any internal controls; pro-
ceed to troubleshooting (Paragraph 5-38).

5-7 CONSTANT CURRENT TESTS

5-8 TPor all output current measurements the

POWER SUPFLY REFERENCE
UNDER TEST VOLTAGE
SOURCE
-6 + 4+ 56—
00 9o
_/ \ ]
LOAD
NULL
DETECTOR
-G +
Figure 3-1., Differential Voltmeter Substitute

Test Setup

current sampling resistor must be treated as a four
terminal device, In the manner of a meter shunt,
the load current is fed to the extremes of the wire
leading to the resistor while the sampling termi~
nale are located as close as possible to the resist-
ance portion itself {see Figure 5-2), In addition,
the resistors should be of the precision, low
noise, low temperature coefficlent {less than
5ppm/OC) type and should be used at no more

than 10% of their rated power so that their femper~
ature rige will be minimized,

CURRENT SAMPLING

TERMINALS
0 Rg TO
NEGATIVE W POSITIVE
POWER SUPPLY POWER SUPPLY
SAMPLIN
TERMiNAL Pttt TERMINAL
T LDAD
TERMINALS
Figure 5-2, Current Sampling Resistor

Connections



NOTE

if difficulty is experienced in obtain-
ing adequate sampling resistors, it is
recommended that duplicates of the
sampling resistors {R1, R2, and R3)
used in the unit be obtalned from the
factory,

5-9  The moniioring device should be connected
across the current sampling resistors as shown in
Figure 5-3, As indicated in this illustration,
neither output terminal of the power supply is
grounded and the measuring device case is con-
nected to the junction of the load and sampling
resistors, This arrangement prevents ground loop
paths and minimizes shunt current paths. The
external range switch must have a high insulation
resistance (100000Ma or greater) to aveid signi-
ficant leakage that would degrade the performance
of the supply

5~10 RATED QUTPUT AND METER ACCURACY

5-11 Current. To check the output current on all
three ranges, proceed as follows:

a. Connect test setup shown In Figure 5-3,
leaving switch S2 open throughout test,

b, Turn VOLTAGE control fully clockwise,

¢, Set front panel RANGE switch to 100mA
position, set external test setup range switch 81
to high positicn, connect + terminal of differential
voltmeter to Rg], and turn on supply.

d. Adjust CURRENT control untii front panel
ammeter indicates exactly 100,

e. Differential voltmeter should read 10
+0, 24Vdc,
tion procedure in Paragraph 5=55,

I, Repeat Steps {d) and (e) with front panel
RANGE switch set to 10mA position, external test
setup range switch 51 set to medium position, and
differential voltmeter connected to Rgz,

g. Repeat Steps (d) and {g) with front panei
RANGE switch set to ImA position, external test
setup range switch 31 set to low position, and
differential voltmeter connected to Rga.

5-12 Voltage. To check the output voltage, pro-
ceed as follows:

a. Connect test setup shown in Figure 5~3,
except connect differential voltmeter between
+METER and (~) output terminals or between AD and
{~) cutput terminals (see Figure 3-7). Leave
switch 52 open throughout test,

b, Set front panel RANGE switch to 100ma
position and set external test setup range switch
51 to high position,

¢. Turmn VOLTAGE control fully clockwise

If it does not, refer to ammeter calibra~

5-3

LOAD
POWER SUPPLY RESISTORS
UNDER TEST Lo L3
+ - MED. Ry 2
QO Gy
i Ry

52
SHORT

i
I
I
!
f
I
[
f CURRENT SAMPLING

! RESISTORS
I Rgz
| AT

|Lo é‘\
] MED. Rga
31 Oy (O J} VA

RANGE i |

{MAKE - BEFORE

~BREAK CONTACTS) Rg:

s

DIFFERENT AL
VOLTMETER
¢ - +
LR 9
)
HiGH MEDIUM LOW
RANGE RANGE RANGE
MOBEL NO.
Rgr | RL1 |Rsz { Riz | Rss | RLs
BITT7C 2n | $Bnizon|eson| 2000 9.8K
6181C 100 139001 1000 39K iK 39K
6i86¢ 100N {2 9K | K 28K ell 20K
Figure 5-3, Output Current Test Setup

and turn on supply,

d. Adjust CURRENT control until front panel
voltmeter indicates exactly 300Vde,

e. Differential voltmeter should read 300
*7.2Vde, If it does not, refer to voltmeter calibra-
tion procedure in Paragraph 5«57,

5-13 Load Effect (Load Regulation)
Definition: The change AloyT in
the statie value of the d¢ output
current resulting from a change in
load resistance from short circuit
10 a value which yields maximum
rated output voltage,

5-14 To check the congtant current load regulation
on all three output current ranges, proceed as fol-
iows:

a. Connect test setup shown in Figure 5-3,
b. Turn VOLTAGE control fully clockwise,
¢, S8et both range switches {front panel



RANGE switch and external test setup range switch
S1) to highest current position (100mA and "HI",
respectively), connect + terminal of differential
voltmeter to Rgl, and turn on supply.

d, Adjust current control until front panel
ammeter reads exactly 100,

e, Read and record voltage indicated on
differential voltmeter,

f. Short out load resistor Ry by closing
switch S2.

g. Reading on differential voltmeter should
not vary from reading recorded in Step {e) by more
than 300wuVde,

h, Repeat Steps {d) through {g) with both
range switches set to middle current range (10mA
and "MED") and differential voltmeter connected
to Rgo.

i, Repeat Steps {d) through {g) with both
range switches set to lowest current range {(imA
and "LO") and differential voltmeter connected to

Rg3.

5-15 Source Effect (Line Regulation)
Dafinition: The change AIQUT in
the static value of dc output cur=
rent resulting from a change in ac
input voltage over the specified
range from low line (104 or 208
volts) to high line 127 or 254
volts), or from high line to low
line.

5-16 To check the constant current line regulation
on all three current ranges, proceed as follows:

a. Connect test setup shown in Figure 5-3.
In addiiion, connect variable autotransformer be-
tween input power source and power supply power
input,

b, Turn VOLTAGE contrel fully clockwise,

¢, Set both range switches to highest cur-
rent position, connect differential volimeter to
Rgi, and turn on supply.

d. Adjust autotransformer for a low line in-
put,

e, Adjust CURRENT contrel until front panel
ammetier reads exactly 100,

f, Read and record voltage indicated on dif-
ferential voltmeter,

g. Adjust autotransformer for a high line in-
put.

h, Reading on differential voltmeter should
not vary from reading recorded in Step (f} by more
than 300pvde.

i. Repsat Steps (&) through (k) with both
range switches set to middle current range and
differential voltmeter connectad to Rgz.

i. Repeat Steps (d) through (h) with both
range switches set to lowest current range and
differential voltmeter connected to Rg3.

5-17 PARD [Ripple and Noise)
Definition: The residual ac current
which is superimposed on the dc
output current of a regulated supply.
Rippie and noise is specified and
measured in termsg of both its rms
and peak-to-peak value,

5-18 RMS Measurement. To check the rms ripple
and noige on all three current ranges, proceed as
follows:

s, Connect test setup shown in Pigure 5-3,
substituting true rms ac voltmeter for differential
voltmeter {neither terminal grounded} and connect-
ing positive terminal of supply to ground,

NOTE

To prevent extraneous 60Hz pickup,
the external range switch (S1) and load
resistors (Ry, and Rg) should be en-
closed in a shielded hox, In addition,
the leads connecting the sampling re-
sistor to the ac voltmeter should be
twisted or shieided,

b, Turn VOLTAGE control fully clockwise,

¢, B8et both range switches to the highest
current range, connect + side of ac voltmeter to
Rq1. and turn on supply.

4, Adjust CURRENT control until front panel
meter indicates exactly 100,

e, AC voltmeter should read less than ZmV:
‘rms, If it does not, refer to Paragraph 5-39,
f. Repeat Steps (d) and (g) with both range

switches set to middle current range and ac voli-
meter connected to Rgz.

g. FRepeat Steps (d} and (&) with both range
switches set to lowest current range and ac volt-
meter connected 1o Rga.

5-19 High Frequency Noise Measurement, When
measuring high frequancy noise, an oscilioscope
of sufficient bandwidth (20MHz or more} must be
used, Figure 5~4A shows the correct method of
measuring the ocutput ripple of a constant current
supply using a single-endsd scope, Giround loop
paths are proken by floating the oscilloscops case
with a 3~to-2 adapter,

5-20 EPEither a twisied pair or (preferably) a shield-
ed two-wire cable should be used o connect the
cutput terminals of the power supply to the verti-
cal input terminals of the scope. When using
zhielded two~wire, it is essential for the shigld to
be connected to ground at one end only Lo prevent
ground current from flowing through this shield and



inducing a noise signal in the shielded leads.

5=21 To verify that the oscilloscope is not dis=-
playing ripple induced in the leads or picked up
from the grounds, the {+) scope lead should be
shorted to the {~} scope lead at the power supply
terminals, The ripple value obtained when the
leads are shorted should be subtracted from the
actual ripple measursment,

5-22 In most ¢cases, the single-ended scope
method of Figure 5-4A wiil eliminate non-real com=—
ponents of ripple and noise well enough to allow a
satisfactory measurement tc be obtained., How-
aver, in more stubborn cases or in measurement
situations where it is essential that both the power
supply case and the oscilloscope case be connect-
ed to ground (e, g,, if both are rack-mounted), it
may be necessary to use a differential scope with
floating input as shown in Figure 5-4B, Two

single conductor shielded cables may be subgii~
tuted in place of the shielded two-wire cable with
equal success, Because of its common mods re-
jection, a differential oscilloscope displays only
the difference in slgnal between its two vertical
input terminals, thus igonoring the effecis of any
common mode signal produced by the difference in
the ac potential between the power supply case
and scope case, Beflore using a differential input
scope in thisz manner, however, it is imperative
that the common mode rejection capability of the
scope be verified by shorting together is two in~
put ieads at the power supply and observing the
trage on the CRT, If this trace is a straight line,
then the scope is properly ignoring any commaon
mode signal present, If this trace is not a straight
line, then the scope is not rejecting the ground
signal and must be realigned in accordance with
the manufacturer's instructions until proper com-
mon mode rejection is attained,

5-23 To check the high frequency nolse output on
all three ranges, proceed as follows:

a, Connect fest setup shown in Pigure 5-4A
or 5-4B8,

b, B8et both range switches to highest cur-
rent range, turn VOLTAGE control fully clockwise,
and turn on supply.

o, Adjust CURRENT control until front panel
ammeter indicates exactiy 100,

d. Noise reading on oscilloscope should be
less than 50mV p-p.

e, Repeat Steps (b) and (¢} with both range
switches set to middle current range. Noise read-
ing should be less than 50mV p-p.

f. Repeat Steps (b) and (c) with both range
switches set to lowest current range, Noise read-
ing should be less than 40mVy p-p.
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5-24 Iload Transient Recovery Time

Definition; The time “"X" for output
current recovary to within "y"




milliamps of the nominal cutput cur-
rent following a "Z" amp step change
in load voltage, where:

"Y' i generally of the same order as
the lead regulation specification:
the nominal output current is defined
as the de level halfway between the
static output current before and after
the imposed load change; and "2" is
the specified load voltage change,
normally equal to the full load volt-
age rating of the supply,

S-2_5 Transient recovery time may be measured at
any input line voltage combined with any output
voltage and load current within rating,

5~26 Reasonable care wmust be taken in switching
the load resistance on and off, A hand-operated
switch in series with the load is not adequate,
since the resuliing one-shot displavs are difficult
1o observe on most oscilloscopes, and the arc
energy occurring during the switching action com-
pietely masks the display with a noise burst,
Transistor load switching devices are expensive if
reasonabiy rapid load current changes are to be
achisved.
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Test Setup

5-6

5-27 A mercury-wetted relay, connected in the
ioad switching circuit of Figure 5-5, should be
used for loading and unloading the supply, When
this icad switch is connected to a 60Hz ac input,
the mercury-wetted relay will open and close 50
times per second, Adjustment of the 25K conirol
permits adjustment of the duty cycle of the load
current switching and reduction in jitter of the os-
cillescope display.

5~28 To check the load transient recovery time of
the supply, proceed as follows:

a, Connect test setup shown in Figure 5-5,

b, Turn VOLTAGE control fully clockwise,

€. Set front pane! RANGE switch o 100mA
position and turn on supply,

d. Adjust CURRENT centrel until front panel
ammeter indicates exactly 100mA,

2, Close line switch on repetitive load
switch setup.

f.  Adjust 25K potentiometer until stable
display is obtained on oscilloscope. . Recovery
waveform should be within tolerances shown in
Figure 5-6, Output should return to within +100mV
of nominal value in less than 1 millisecond.
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Figure 5-6, Load Transient Récovery Time,

Waveforms

5-29 Programming Sveed
Definition: The time (usecs) required
for the output current to changs from
zero amps to within "X" milliamps of




the maximum rated output, or from
maximum rated output to within "X"
millamps of zero, "X" is generally
of the same order as the load regula-
tion specification,

5-30 To c¢heck the consgtant current remote pro-
gramming speed, proceed as foliows:

a. Connect test setup shown in Figure 5-7,

b. Tuwm VOLTAGE control fully clockwise,

¢, Set RANGE switch to 100mA position and
turn on supply.

d, Adjust CURRENT control until front panel
meter indicates exactly 100mA,

2, Close line switch on mercury wetted
relay and observe waveform on oscilloscope, Rise
time indicates up-programming speed and fall
time indicates down-programming speed,

£, Programming speed should be within tol-
erances of Pigure 5-8, Output should rise from
zero to 297 wvolts within 10 milliseconds. Fall time

{down programming) should be almost identical to

rise time shown in Figure 5-8 except for inversion,

5-31 Drift (Stebility) s
Definition: The change' in output cur-
rent for the first 8 hours following a
ong hour warm-up period. During the
interval of measurement all parameters
auch as load resistance, output set-
ting, ambient temperature, and input
line voltage are held constant,

5«32 The stability of the supply in constant cur-
rent operation must be measured while holding the
remperature of the power supply and the external
currant sampling resistor (Rs) as constant 88 pos~-
sible. A thermometer should be placed near the
supply to verify that the ambieni temperature re-
mains congiant during the measuremant period.
The supply should be put in a location immune
from stray air currents; if possible, the supply
should be placed in an oven which is held at a
constant temperature, {are must be taken thaf-
the measuring instrument has a stabilitv over the
'fé”féﬁt hour interval which is at leasi an order of
Tagnitude better than the stability specification-
"&F the power supply being measured, The supply
Will drift considerably less over ihe eight hour
measurament interval than during the hour warm-up,

5-33 To check the output stability on all three
rangas, proceed as follows:

a. Connect test setup shown in Figure 5-3,
Strip chart recorder can be substituted for differ-
ential voltmeter to obtain permanent record,

b, Turn VOLTAGE control fully clockwise,

¢, Set front panel RANGE switch and ex~
ternal test setup range switch S1 to highest cur—
rent position, connect + lead of differential volit-
meter to Rgl, and turn on supply.
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d, Allow one hour warm-up, adjust CURRENT
control to obtain front panel ammeter reading of ex-
actly 100, and then record differential voltmeter
reading,

a. Over 8 hours, differential volitmeter
reading should not vary by more than 1,25mV.

f, Repeat Steps (d) and (e) with both range
switches set to middle current position and differ-
ential voltmeter connected to Rgz.

g. Repeat Steps (d) and (e} with both range
switches sot to lowest current position and differ—
ential voltmeter connected to Rg3.



5-34 Temperature Coefficient,
Definition: The change in cutput cur-
rent per degree Centigrade change in
the ambient temperature under condi-
tions of constant input ac line volt-
age, output current setting, and load
resistance,

5-35 The temperature coefficient of the supply is
measured by placing the supply in an oven and
varying it over any temperature span within the
operating range of 0 to 559C, The external test
setup current sampling resistors (Rg1, Rg?, and
Rg3) should not be placed in the oven, but instead
must be held at a constant temperature while this
measurement is made.

5=36 The differential voltmetsr used to measure
the output current change of the supply should be
placed outside the oven and should have a long
term stability adequate to insure that its drift wiil
not affect the overall measurement accuracy.

5-37 To check the temperature cosfficient on all
three current ranges, proczed as follows:

a. Connect test setup shown in Figure 5-3.
Strip chart recorder can be substituted for differen-
tial veltmeter to obtain permanent record,

b, Turn VOLTAGE control fully clockwise,

¢. Set front panel RANGE switch and exter-
nal test setup range switch S1 to highest current
position, connect + lead of differential volimeter
to Rgi. and turn on supply,

d. Bdjust CURRENT contrel to obtain front
panel ammeter reading of exactly 100,

e. Insert supply into temperature-controiled
oven (voltmeter and load resistors remain outside
oven}. 3et temperature to 300C and allow one hour
warm-~up.

f. Record differential voltmeter indication.

g. Raise oven temperature to 400C and allow
one hour warm-up.

h. Reading on differential voltmeter should
not vary from reading recorded in Step (£} by more
than BmV,

i. Rapeat Steps {(d} through (h) with both
range switches set to middle current position and
differentiel volimeter connected to Rg2.

i. Repeat Steps (d) through (h) with both
range switches set to lowest current position and
differential voltmeter connected to Rgy.

5-38 TROUBLESHOOTING

5-3% Before attempting to troubleshoot this instru-
ment, insurs that the fault is with the {nstrument
and not with an assoclated circuit. The performe~
ance test (Paragraph 5-3) enables this 1o be deter-

mined without removing the instrument's covers.

5-40 A good understanding of the principles of
operation is essential for effective troubleshooting;
it is recommended that the reader study at least
Paragraphs 4-1 through 4-28 of Section IV, if not
the entire sectlon. Once the principles of operation
are understood, refer to the overall troubleshooting
precedures in Paragraph 5-43 to locate the symp-
tom and its probable cause.

5~-41 The schematic diagram at the rear of the
manual (Iigure 7-4) contains normal voltage read-
ings taken at various points within the instrument;
Note 12 ¢n the Schematic gives the measurement
conditions. These voltages (in italics) are posi-
tioned adjacent to the applicable test points (iden-
tified by encircled numbers). The component loca-
tion disgrams {Figure 7-1 through 7-3) at the rear
of the manual should be consulted to determine the
location of components and test points.

5-42 If a defective component is located, replace
it and re~conduct the performance test. When a
component is replaced, refer to the Repair and Re-
placement (Paragraph 5-47) and Adiusiment and
Calibration (Paragraph 5-51) sections of this man-
ual.

5-43 OVERALL TROUBLESHOOTING PROCEDURE

5~44 To locate the cause of trouble, follow Steps
(1}, {2), and (3) in seguence-

{1} Check for obvious troubles such as open
fuse, defective power cord, input power failure,
115/230V switch in wrong pogition, incorrect strap-
ping pattern (refer to Figure 3-2), or defective
meter {check cutput current with external ammeter},
Next, remove top and bottom covers (2 retaining
screws each) and inspect for open connections,
charred components, etc. If the trouble source
cannot he detected by visual Inspection, proceed
to Step (2).

{Z) Disconnect load, and connect short cir -
cult across output terminals of supply. Shorting
the outpul terminals is an extremely important step:
failure to short the output terminals mavy result in
the destruction of the shunt regulator transistors.

{3) Examine Table 5-2 for your svmptom and
its probable cause. The sympioms listed in Table
5-2 are of two kinds, the first of which is symp -
toms due to easily-corrected trouble sources such
as a single defective component or an incorrect
internal adjustment. For these aymptoms, direct
troubleshecting procedures are given in the tabla.
The second xind of symptom includes primarily
those resulting from fsillure of a feedback loop. For
these sympioms. the table refers the reader to one
or more of Tables 5-3 through 5-7.



5-45 Table 5-3 presenis s sequenced isolationand
initial troubleshooting procedure for the series reg-
ulator, programming/guard supply, and constant
current comparator, This table is referencéd in
Table 5-2, At various points in Table 5-3, instruc-
tions direct the reader to one of Tables 5-4, 5-5,
or 5~6, depending upon the resulis of tesis in
Table 5-3. After completing the procedures in
Tables 5-4, 5-5, or 5-8, the reader is directed to
re~enter Table 5-3 at the former exit point. This is
suggested becauge following the procedures in
Table 5-3 through to the end of the table {Step 18)
even after locating and replacing a defective com-
ponant provides a rapid and effective method of
testing all the circuits in the instrument.

5-46 In some special circumstances it may be de-
sirable to go directly to Tables 5-4, 5-5, or 5-6
without first going through at least a portion of
Table 5-3. Instructions at the beginning of each of
the three tables provide for this possibility. Table
5-7 {voltage LIMIT light troubleshooting) is refer—
enced in Table 5-2 only; however, instructions are
provided at the beginning of Takle 5-7 relating it
to Table 5-3.

Table 5-2.

NOTE

While troubleshooting this instrument, keep
in mind that the front panal milliammeter does
not indicate cutput current directly, but in-
stead provides a reading proportional to the
output voltage of the programming/quard sup-
ply. Ordinarily this voltage is proportional

to the output current but this cannot be de-~
pended on if the instrument is in need of re-
pair. If the front panel milliammeter rezponds
appropriately when the current control is ad-
justed, the programming/guard supply is func-
tioning. Use an external milliammeter in series
with the output to monitor the output current
directly while troubleshooting to avoid mis-
interpreting trouble symptoms.

—CAUTION

The RANGE switch must be kept on the
100mA position at all times while trou-
bleshooting this instrument. Switching
to a lower range may c¢ause the de—
struction of current sampling resistors
R2 or R3.

Overall Troubleshooting

SYMPTOM

PROBABLE CAUSE

Blows fuses.

CAUTION—

Do not operate the supply without a short
across the output terminrals., If a shorted
series regulator is the trouble source, op-
erating the supply without a short across
the output terminals will result in the de-
struction of transistors Q35 and for Q386.

throughout entire range.

a. Shorted series regulator. Check Q24, 25, 26,
27,28, 29, and VRZ.

b. Shorted series regulator and shorted voltage limit
transistors. See (a) above. and check Q35 and
Q36. Also check VR19 and isolation diode CR22Z.

¢. Short on printed circuit board. Check for loose
pieces of wire, etc.

d. EZxternal current path between common (A3} and
negative output terminal. Check strapping pat-
tern and instrumentation connections.

2. Defective rectifier diodes in main supply and/or
reference supply. Check CR32Z, 33, 35-38.

Output current locked up, or not controilable a. Series regulator, programming/guard supply, or

constant current comparator defective. Refer to

Table 5-3.




Table 5-2, Overall Troubleshooting (Continued)
SYMPTOM PROBABLE CAUSE
Measured output current zero, LIMIT light on a. Voltage limit circuit defective, Refer to Table
continuously., 5-3.
Measured output current zero, LIMIT lightnot a. Series regulator, programming/guard supply, or
on. constant current comparator defective. Refer o
Table 5-3,
b. Voltage limit circuit defective and limitlight cir-
cuit defective. Refer to Tables 5-3 and 5-7.
Yoltage limit fails to operate (VOLTAGE control a. Voltage limit circuit defective. Refer to Table
hag no effect}; LIMIT light not on. Hub,
Voltage Himit will not go to zero., a. Zener diodes VR16, VR17, or VRE8 ghorted.
LIMIT light not functioning at al}, though voit- a., Voltage limit light circuit defective. Refer to
age limit operation and supply outpui current Table 5-7.
are normal.
LIMIT light will not operate at low output cur- a. Isolation diode CRZZ shorted.
rent lavels.
Poor load regulation. a. Improper measurement technique. Refer to Para-
graph 5-13.
b. Differential amplifiers Q1 or Q7 defective.
¢. Defect in reference supply. Refer io Table
54,
d. Dirt on printed circuit board.
€. Internal or external current leakage path between
terminal Al and negative output terminal. To
verify that this is the trouble, connect a DVM
between terminals AQ and A3, Set the CURRENT
control for 100mA, and open-circuit the output
terminals. Vary the VOLTAGE control; if the DVM
reading varies, the programming/guard amplifier
is eliminated as a posgible source of trouble.
f. Internal or external current leakage path between
positive and negative output terminals.
Poor line regulation. a. Improper measurement technique. Refer to Para-
graph 5-15.
b. Defectinreference supply. RefertoTable 5-4,
High ripple. a. Improper measurement technigue. Refer to Para-
graph 5-17,
b. Ground loops in operating setup.
c. Ripple Adjust control R119 set incorrectly. Refer
to Paragraph 5-59.
d. Differential amplifier Q1 defective,
e. Leaky filter capacitors C30 and/or C31.

5-1C




Table 5-2.

Owerall Troublesheoting (Continued)

SYMPTOM PROBABLE CAUSE
Cscillation. a. Operational amplifiers 21 or 22 defective.
Instability. a. Differential amplifiers Q1 or Q7 defective.

Table 5-3. Series Regulator, Programming/Guard Supply, and Constant Current

Comparator Isolation and Initial Troubleshooting

STEP ACTION RESPONSE REACTICON
1 Isclate series regulator as follows:
a. Set RANGE switch to 100mA, and
VOLTAGE control fully clockwise. L
b. Connect ammeter (or short circuit ik o | oNNECT
with clip-on probe, or 100, 10W T ACROSS
. . CRIB
resistor and volimeter) across l
output terminals,
c. Remove Z1 from socket.
d. Connect a 5K~ pot across CRL8
as shown in sketch at right. Set
the pot for minimum resistance,
e. Short Q22 collector to emitter.

2 Increase the resistance of the Ska pot a. Output current . Series regulator is defect-
gradually while observing the external (as indicated ive. Check QZ6, 27, 28,
ammeter. (If the meter does not respond, on external VRZ, Q24, 25, Q29. After
turn the pot back to zero resistance. ) ammeter) does establishing proper opera-

not change. tion of series regulator
{Response b}, proceed to
CAUTION Step 3.

' b. CQuiput current . Series regulator is opera-
Do not allow the output current {as indicated tive, Proceed to Step 3.
to exceed 100mA. on external

ammeter) var—
ies from zeroc
10 approxi-

mately 100mA.

3 Set the resistance of the 5Ka pot for a a. Output current . Q22 defective. Replace
reading on the externsl ammeter of about (ag indicated Q22 and proceed to Step 4.
50ma, then remove short across Q22, on external

ammeter)drops
to zero.
b. Output current . Q22 operative. Proceed to

essentially
unchanged.

Step 4.




Table 5-3. Series Regulator, Programming/Guard Supply, and Constant Current
Compatrator Isolation and Initial Troubleshooting {(Continued)

STEP

ACTION

RESPONSE

REACTION

Check all reference voltages listed
in Table 5-4,

. One or more

reference voli-
ages zero or
much higher
than correct
value.

. Une or more

reference voli-
ages slightly
iow.

. All reference

voltages cor—
rect within
given toler-
ances.

. Troubleshoot reference

circuit as direcied in
Table 5-4 under particular
reference voltage. After
establishing proper refer-
ence voltages. proceed to
Step 5.

. Slightly low voltages are

usually caused by loading
due to a defect in a circuit
other than the reference

supply. Progeed to Step 5.

. Proceed to Step 5.

To check voltage limit circuit, leave
supply connected as in previous siep
and connect external voltmeter be-
tween test point 21 and negative out~-
put terminal. Vary VOLTAGE control.
{1f desired, the voltage limit cirguit
can be completely isolated by lifting
the cathode of CRZ1).

. Voltage at test

point 21 does
not change.

. Voitage at test

point 21 varies
from zero to
approximately
315vde.

. Voltage limit circuit is de-~

fective, Perform trouble-
shooting procedures given
in Table 5-5. After estab-
lishing proper operation
(Response b}, proceed to
Step 6.

. Voltage limit circuit is op-

erative. Proceed to Step 6.

Isolate programming/guérd supply by
lifting one end each of jumper 71 and
diode CR43.

Check operation of programming/quard
supply by connecting external volt-
meter between terminal AD (+) and
terminal A3 {-). Vary front panel
CURRENT control.

. Volitage indi~

cated on exter=
nal voltmeter
does not
change,

. Voltage indi~

cated on exter-
nal veltmeter
varies from
approximately
+0.7 to -10. 5V
de. (Front
panel ammeter
should follow
external volt-
meter.)

. Programming/guard supply

is defective. Perform trou-
bleshooting procedures
given in Table 5-6. After
establishing proper opera-
tion (Response b}, proceed
to Step 8.

. Programming/guard supply

is operative. Proceed to
Step 8.




Table 5-3. Series Regulator, Programming/Guard Supply, and Constant Current
Comparator Igolation and Initial Troubleshooting (Continued)

STEP

ACTION

RE3SPONSE

REACTION

Plug Z1 (originally in constant current
comparator) into Z2 socket, and re-
perform Step 7.

. Voltage indi=-

cated on exter—
nal volimeter
does not
change,

Voltage indi-
cated on exter—
nal volimeter |
varies from
approximately
+0.7 to -10.5V
de.

. Z1 is defective. Install

new Z1 in constant current
comparator, and re-install
72 in programming/guard

gsupply. Proceed to Step 9.

. Z1 is operative. Return Z1

1o ilg original socket {in
constant current compara-
tor) and re-install Z2 in
programming/guard supply.
Proceed to Step 9.

Test constant current comparator as

foliows:

a. Reconnect jumper 71 and dicde
CR43.

b. Remove the 5K~ pot connectedacross
CR18.

c. Attempt to control output current
with front panel CURRENT control.

. Qutput current

(as indicated
on external
ammeter) does
not change.

. Cutput current

(as indicated
on external am-
meter) varies
over full range.

. Defect in constant current

comparator circuit. Pro-
ceed to Step 10,

Constant current compara-
tor iz operative; supply
should be functioning pro-
perly. Verify proper oper-—
ation of supply.

i0

Isolate trouble in constant current

comparator to either driver amplifiers

Q2-0Q3 or input comparator Q1 ag

follows:

a. I output current {s locked up,
short Q14 collector to emitter,

b. If output current is locked down,
short Q1B collector to emitter.

. Qutput current

does not
change.

. Output current

decreases if
locked up, or
increases if
locked down.

Check for defective 02,
3, or 4. After replace-
ment, supply should
function normally. Ver—
ify proper operation of
supply.

Defect in Q1 or Q4 stage.

After replacement, supply
should function normally.
Yerify proper operation of
supply.

Table 5-4.

NOTE

Reference and Bias Voltages., (Refer to Schematic and Figure 7-3 for test point locations.)

The measursments in this table are designed to be performed after Steps (1) through
{3Yof Table 5~3 (verification of operation of the series regulator} have been perform-
ed. If the instrument is operating correctly, the correct resulis will be achieved for
these measurementsregardless of the performance or non-performance of these three
steps, However, if the instrument is not functioning correctly, correct measure-
ment results cannot be guaranteed unless these three steps are performed, since a
defective seriesregulator will usually affect one or more of the reference voitages.




Table 5-4,

Reference and Bias Voltages (Continyed)

STED METER METER NORMAL NORMAL RIPPLE CHECK IF PROPER INDICATION
COMMON POSITIVE vi>C (P-P} I8 NOT OBTAINED
1 A3 9 +29,0 4+ 25% 2.0V CR35, 36, 37, 38
yA A3 58 +6.2 + 5% 2.0mv VR4
3 A3 57 +12.4 & 5% 2.0mv Q11, 12, 14, 15, 18
4 A3 19 +7.5 £5% 2.0mv VR7
5 A3 10 ~15. 0 £53% 2.0mv YR3, 5. NOTE: If the ~-15V
reference voltage is much
more negative than normal
(VR3 and/or VRS open), also
check Q1, Q7, 21, and Z2 for
possible damage due to over-
voltage.
& 11 13 11,2 £5% 2.0mv VR12, 13
7 11 47 +19.89 +5% 2.0V 037, 38, 39
Table 5-5. Volitage Limit Circuit Troubleshooting
NOTE
The procedures in this table are designed to be performed after Steps (1) through
(6) of Table 5-3 have been performed. If it is necessary to independently perform
the procedures given in this table, first connect a short circuit across the output
terminalg of the supply, and then perform Step (5) of Table 5-3.
STEP ACTION RESPONSE PROBABLE CAUSE
PART A. VOLTAGE LIMIT LOCKED UP (LIMIT LIGHT OFF).
1 Attempt to turn on shunt regulator a. Voltage at test point a. Check Q35 and Q36 for
transistors Q35-Q36 by shorting 21 (measured from open; also check CR31
Q32 collector to emitter. TP11) does not change. for open.
b. Voltage at test point b. Proceed to Step Z.
21 decreases.
2 Attempt to turn on error amplifier a. Voltage at test point a. Check Q32 for Open.

32 by shorting Q34 collector to

emitter.

21 does not change,

b, Voltage at test point

21 decreases.

b. Chegk Q34 foropen, Q33
for short, R75 for open,
Q30~031 for cpen, or
missing strap bpetween
terminals A5 and AG.




Table §-5, Voltage Limit Circuit Troubleshooting (Continued)

STEP ACTION RESPONSE PROBABLE CAUSE
PART B. VOLTAGE LIMIT LOCKED DOWN (LIMIT LIGHT ON}

1 Attempt to turn off shunt regulator a. Voltage at test point a. Check Q35 and Q36 for
Q35-Q236 by shorting Q32 base 1o 21 {measured from short, and VR9-10-11-14~
emitter. TP'1) does not change 15 for short.

b, Voliage at test point b. Proceed to Step 2.
21 increases.

Z Attempt to turn off error amplifier a. Voltage at test point a. Check Q32 for short.
032 by shorting Q34 base 1o 21 does not change.
emitier. b. Voltage at test point b. Check Q34 for short,

21 increases. Q33 for open, R75 for
short.
Table 5-6. Programming/Guard Supply Troubleshooting
STEP ACTION RESPONSE PROBARBLE CAUSE
—LCAUTION—
The procedures in this table should only be performed after at least Steps {1}, (4,
and (B) of Table 5-3 have been performed.

1 Check output reguiator transistors Q8 a. Voltage indicated on a. Q8 or Q9 defective.
and Q% as follows: external voltmeter
a. Connect external voltmeter be- does not change.

b ’;ween terrznzrnais AD }{:Jtand A3 (). b. Voltage indicated on b. Q8 and % operative.
) Cemovetz Iromdsogz € ‘Ok : external volimeter Proceed to Step 2,

[o onnecl one end of & 10k~ pot to varies from approxi-

test point 10 {-15V}, the other

) . ‘ mately +0.7 1o 12V,

end to terminal 23, and the wiper

to pin 6 of 22 socket.
d. Vary pot over full range.

2 Re-install 22, and remove 10k~ pot a. Voltage indicated on a. %2 or Q5 defective.
connected in Step (1). Check opera~ exiernal volimeter
tion of 22 as follows: does not change,

a. I vot?age OE eftgz;:;ai Vﬁltriem; s b. Voltage goes from b, Check for defective
negftlve, short Q collector 1o negative value Qb, Q7, open R15, or
b ?fm ler, . 1 vol . towards zero. missing strap be-
. o) ta?gﬁ on external voltmeter is tween terminals Al
approximately zero, short Q7B and A2
collector to emitter. ’
¢. Voltage goes from o, Check for defective
zero towards negative 5, Q7, or shorted
value, R15




Table 5-7. Voltage Limit Light Circuit Troubleshooting

STEP ACTION RESPONSE PROBABLE CAUSE
NOTE
The procedures in this table are based on the assumption that the voltage limit cir-
cuit and the programming/guard supply are operating correctly. Check-out proce-
dures for these circults are given in Steps (5) through (7} of Table 5-3,
1 Attempt to turn on light by shorting a. Light does not go on. a. Check +29V and
Q17 collector to emitter. -15Vreference volt~
ages, light bulb,
and VRIS,
b. Light goes on. b. Proceed to Step 2.
2 Attempt to turn on lamp driver Q17 by a. };ight does not go on. a. Check Q17 and Q19
shorting Q20 collector to emitter. for open.
b. Light goes on. b. Proceed to Step 3.
3 Attempt to turn on light by shorting a. Light does not go on. a. Check Q20 for open,
Q21 base to emitier, Q21 for short.
b. Light goes on. b. Check CR2Z.
Table 5~8. Adjustments Necessary After Replacement of Semiconductor Devices
ADJUSTMENT
REFERENCE CIRCUIT ADJUST PARAGRAPH
CR20 Voltage limit programming current source. R86, RB7 5-69, 5-72
Ql Constant current comparator. R11 {Constant current 5-63
comparator zero adjust)
Q7 Programming/guard supply. R2% {Guard zerc adjust} 5-61
VR4 Reference supply (+6.2V reference), R32 (Adjustment of R11 5-686
and R29% must be checked
before R32 is adjusted,)
VRE Voltage limit programming current source. RB6, RB7 5-89, 5-72
VR12 Voltage limit. R87 5-69

5-47 REPAIR AND REPLACEMENT

5-48 Section VI of this manual contains a list of
replaceable parts, If the part to be replaced does
not have a standard manufacturer's part number, it
is & "special” part and must be obtained directly
from Hewlett-Packard. After replacing a semicon=
ductor device, refer to Table 5-8 for necessary
checks and adjustments,

5-49 It is recommended that a low power soldering
iron (50 watts maximum) be used on this instrument.
The use of & "solder sucker” greatly simplifies
component replacement, especially where multi-
lead parts are concerned. In addition, only high
quality rosin-core solder should be used when re-
pairing the printed cireuit boards,

5-50 To facilitate repair, the main {(32) printed



circult board in this instrument can be placed ver-
tically (on edge} to allow easy access to both
sides. To accomplish this, remove the two hold-
down screws, and slide the board towards the front
of the unit and out of its plastic guide channels,
Sufficient lead length is provided to allow the
board to be placed vertically.

5-51 ADJUSTMENT AND CALIBRATION

5-52 Adjustment and calibration may be required
after performance testing, troubleshooting, or re-
pair and replacement. If more than cne adjustment
must be performed, the sequence of adjusiments
presented in the following paragraphs should be
followed.

5~53 VOLTMETER AND AMMETER ZERO

5-54 The meter pointers must rest on the zero
calibration mark on the meter scale when the instru-
ment is at normal operating temperature, resting in
its normal operating position, and turned off. To
zero—set the meters, proceed as follows:

a. Turn on instrument and allow it to come
up to normal operating temperature (about one hour).

b. Turn instrument off. Wait one minute for
power supply capacitors to discharge completely.

¢. Insert sharp poinied object (pen point or
awl) into small indentation near top of round black
plastic disc located directly below meter face.

d. Rotate plastic disc clockwise until meter
reads zero, then rotate gounterclockwise slightly
in order to free adjustment screw from meter Sus-
pension. Pointer should not move during latter part
of adjustment.

5«55 AMMETER CALIBRATION

5.56 To calibrate the ammeter, proceed as follows:

a, Connect test setup shown in Figure 5-3
{external range switch and medium and low range
ioad resistors can be eliminated if desired).

b. Turn VOILTACE control fully clockwise,
set front panel RANGE switch to 160mbd position,
and connect differential voltmeter to Rgl.

o, Turn on supply and adjust CURRLENT con-
trol for reading of 10.0vVde on differential volimeter.

d. Adjust potentiometer R106 (see Figure 7-3)
untll front panel ammeter indicates exactly 100mA,

5-57 VOLTMETER CALIBRATION

5~58 To calibrate the volimeter, proceed as follows:
a. Connect test setup shown in Tigure 5-3,
except connect differential voltmeter between
+METER and {-) cutput terminal or between AD and
{~) output terminal {see Figure 3-7). External range
switch and medium and low range load resistors

can be eliminated if desired.
b, Set front panel RANGE switch to 100mA

position, turn on supply, and adjust CURRENT con-

trol until front panel ammeter reads exactly 100mA.
c. Adjust VOLTAGE control until differential
voltmeter reads exactly 300Vda.
d. Adjust potentiometer R110 {see Figure 7-3)
until front panel voltmeter reads exactly 300Vde.

5«59 RIPPLE MINIMIZATION

5-60 To adjust the supply for minimum output cur-
rent ripple, procesd as follows:

a, Connect test setup shown in Figure 5~458,
External range switch and high and medium range
load resistors can be eliminated if desired.

L. Turn VOLTACE control fully clockwise,
set front panel RANGE switch to ImA position, turn
CURRENT control fully counterclockwise, and turn
on supply.

¢, Adjust R119 (see Figure 7-3) for minimum
60Hz ripple dispiaved on oscilloscope. Note that
both 60Hz and 120Hz ripple as well as spikes and
harmonics are displayed on scope; R119 is to be
adjusted until combined amplitude of spikes, har-
monics, and 60Hz ripple is minimum.

5«61 GUARD AMPLIFIER ZIRO

5~62 This adjustment minimires the offset between
the bases of the guard input amplifier, Q7. The
offget should be checked and adjusted, if necas-
sary, whenever Q7 is replaced. Procsed as follows
to perform this adjustment:

a. Place short across output terminals of
supply and allow supply to warm up for a halif hour.
b. Connect differential volimeter across

diode CRE on main circuit board (see Figure 7-3),
c. Set RANGE switch to 100mA position, turn
VOLTAGE control fully clockwise. and turn on supply.
d, Adjust CURRENT control until front panel
ammeter indicates exactly 100ma,
. Adijust potentiometer R29 {sze Pigure 7-3)
to obtain reading of 01+200pVde on differential
volimeter.

5-63 CONSTANT CURRENT COMPARATOR ZERO

5~64 This adjuatment minimizes the ofiset be~
tween the bases of the constant cwtent comparator
input amplifier, ©1. The offset should be chacked
and adjusted, if necessary, whenever Q1 is re-
pilaced. Proceed as follows to perform this adjust-
ment:

a. Perform Steps (a) through {d) in Paragraph
5-62 above, except connect differential voltmeter
across diede CR4 (see Figure 7-3).

I, Adjust potentiometer R11 (see Figure 7-3)
to obtain reading of € & 200uVde on differential
voltmeter.



5~65 This adjustment can also be used to set the
zero current programming accuracy when the supply
is remote resistance programmed. However, the
adjustment should not be made if the total minimum
registance of the remote programming device {po-
tentiometer, switched-rasistor setup, ete.) and its
connecting wires exceeds approximately 10 ohms.
Using the constant current comparator zero adjust~
ment to set the outpul current to zero under this
condition may result in the supply not meeting iis
temperature coefficient specification. Proceed as
follows to perform this adjustment:

a. Connect test setup shown in Tigure 7-3.

b. Set both range switches to highest current
range, turn YOLTAGE control fully clockwise, and
connect + lead of differential voltmeter to Rg1.

¢. Connect remote resistance programming
setup (see Figure 3-3} and adjust remote resist-
ance to zero (minimum).

d. Turn on supply and adjust potentiometer
R1il (see Figure 7-3) for reading of exactly zero on
differential voltmeter,

o~66 CONSTANT CURRENT PROGRAMMING
CURRENT

5«67 This procedure adjusts the constant current
programming current within the supply. The pro-
gramming current is factory set to within 0.25% of
imA and should not need adjustment thereafter un-
tess 100mA range current sampling resistor R1 or
reference supply zener diode VR4 ig replaced, The
programming current (and thus the programming ¢o-
efficient} can also be checked and adjusted, if
necessary, before remote resistance programming
the supply.

NOTE

To obtain an accurate adjustment, al-
ways zero the constant curen: compa-—
rator and guard amplifier (Paragraphs
5-61 and 5-63) before making this ad-
justment,

5-68 To adjust the constant cuwrrent programming
current, proceed as follows:

a. Connect test setup shown in Figure 5-3.

b. Set both range switches to highest cur-
rent range, connect + lead of differential voltmeter
t0 Rg1, and turn VOLTAGE control fully clockwise.

c. Remove sirap between terminals Al and
A2 and connect precision programming resistor
{10kn, 0.1%} between terminals A0 and 21.

d. Connect decade resistance box in place
of R32 {mounted on standoffs on main circult
board; see Figure 7-3),

e. Turn on supply and adjust decade resist-
ance box for reading of 10+ 0.025Vde on differential

voltmeter.

f. Turn off supplvyand replace decade resisi-
ance box with appropriate value, 5%, 3W wire~
wound resistor in R32 position.

NOTE

Due to the limited range of 3 wait re—
sistor values available, it may be nec-
assary to select a resistor value that
gives anoutput voltage of slightly less
than 9.975Vdcand thentrim the voltage
towithin 10£0.025Vde by adding & 1/8
watt, +£100ppm metal film registor in
parallel with the 3 watt resistor.

5-69 VOLTAGE LIMIT PROGRAMMING CURRENT

5-70 This procedure adjusts the voltage limit pro-
gramming current to within ‘}5% of lmA, It allows
the supply to provide 105% of the maximum rated
output voltage despite the 15% total tolerance of
the VOLTAGE control (R75) and the differential
amplifier reference zener diode (VR12). This
adjustment is necessary if either of these compo-
nents are replaced; it can also be performed as an
accuracy check before remotie resistance program-
ming the voltage limit.

5-71 To adjust the voltage limif programming cur-
rent, proceed as follows:

a. Set RANGE switch to 100md position, and
turn VOLTAGE control fully clockwise.

b. Bet CURRENT contrcl for front panel am-~
meter reading of 100ma (no load).

¢. Connect high impedance differential volt—
meter across outpul terminals of supply.

NOTE

Do not let veltage on differential volt-
meter exceed 317 volts. Voltages in
excess of this level will damage the
shunt regulator transistors in the volt-
age limit circuit,

d. Connect decade resistance box set for
50k~ in place of R87 {mounted on standoffs on
main circuit board; see Figure 7-3).

e, Turn on supply and adjust decade resist—
ance until differential voltmeter reads 315 + 2Vdc.

f. Turn off supply and replace decade re-
sistance box with appropriate value, 5%, 1/2W
resistor in R87 position,



5-72 VOLTAGE LIMIT ZERO

5-73 To sdjust the voltage limit zero voltage pro-
gramming accuracy, proceed as foliows:

a. Set RANGE switch to 100mA position, ad-
jugt CURRENT control for front panel ammeter read-
ing of 100mA {no load), and turn VOLTAGE control
fully counterclockwise.

b. Connect high impedance differential volt-

metsr across output terminals of supply.

¢. Connect decade resistance box set for
10k~ in place of RB6 {mounted on standoffs on main
circuit board; see Figure 7-3).

d. Turn on supply and adjust decade resist-
ance box until differential volimeter reads 0 =
50mVdc.

e. Turn off supply and replace decade re-

sistance box with appropriate value, 5%, 1/2W,
registor in RB6 position.



SECTION Vi
REPLACEABLE PARTS

6-1 INTRODUCTION

6-2 This section contains information for ordering
replacement parts. Table 6-4 lists parts in alpha-
numeric order by reference designators and provides
the following information:

a, Reference Designators. Refer to Table 8-1,

b. Description. Refer to Table 6-2 for ab-
breviations.

. Total Quantity (TQ}. Given only the first
time the part number is listed except in instruments
containing many sub~modular assemblies, in which
case the TQ appears the first time the part number
is listed in each assembly,

d. Manufacturer's Part Number or Type,

e, Manufacturer's Federal Supply Code Num-~
ber, Refer to Table 6-3 for manufacturer's name and
address,

f, Hewlett-Packard Part Number,

g, Recommended Spare Parts Quantity (RS}
for complets malntenance of one instrument during
one vear of isclated service,

h. Parts not identifisd by a reference desig-
nator are listed at the end of Table 6~4 under Me-
chanical and/or Miscellaneous. The former consists
of parts belonging to and grouped by individual as-
sembliag; the latter consists of all parts not im-
mediately associated with an assembly,

6-3 ORDERING INFORMATION

6-4 To order a replacament part, address order or
inquiry tc your local Hewlestt-Packard sales office
(see lists at rear of this manual for addresses),
Specify the following information for sach part;
Model, complete serial number, and any Option or
special modification §) numbers of the instrument;
Hewleti-Packard part number; circuit reference des—
ignator; and description, To order a part not listed
in Table 6-4, give a compleote description of the

part, its function, and its location.
Table 6~1, Reference Designators
A = assembly B = miscellaneous
B = blowar (fan) alectronic part
C = capacitor F = fuse
CB = cirouit breaker |7 = jack, jumper
CR = diode K = relay
DS = device, signal- | L = inductor
ing (lamp) M = meier

Table 6-1. Reference Designators (Continued)
P = plug Y = vacuum tube,
Q = fransistor naon bulb,
R = resistor photocell, etc,
g = gwitch VR = zener diode
T = transformer X = socket
B = terminal block Z = integrated cir-
T3 = thermal switch culf or network
Table 6-2. Description Abbreviations
A = ampere mfr = manufacturer
ac = alternating mod, = modular or
current modified
assy, = assembly mtg = mounting
bd = board n = nano = 1079
bkt = bracket NC = normally closed
OC = degrea NQ = normally open
Centigrade NP = nigkel-plated
cd = gcard A = ¢hm
coef = coefficient obd = order by
comp = composition description
CRT = cathode-ray QD = outside
tube diameter
CT = center—~tapped D = pico = 10712
de = direct current P.C. = printed circuit
DPDT = double pole, pot., = potantiometer
double throw g-p = peak-~to-peak
DPST = doubls pole, DPm = paris per
single throw million
elect = electrolyiic pVr = peak reverse
ancap = encapsulated vollagse
F = farad rect = rectifier
or = degree rms = root mean
Farenhait GULATES
fxd = fixed 81 = silicon
Ge = germanium SPDT = sgingle pole,
H = Henry double throw
Hz = Heriz SP8T = single pole,
IC = integrated single throw
. circuit S8 = small signal
D = Ingide diameter{ 7 = slow-blow
inond = incandescent tan. = tantulum
k = kilo = 103 Ti = titanium
m = milli = 10-3 Y = volt
M = mega = 106 var = variable
b = micro = 1076 ww = wirewound
met, = metal W = Watt




Table 6-3.

Code List of

CODE
NO. MANUFACTURER ADDRESS
00629 | EBY Sales Co., Inc. Jamaica, N,Y,.
00656 | Aerovox Corp, New Bedford, Masz,
00833 | Sangamo Flectric Co.
3. Carolina Div, Pickens, S.C.
01121 JAllen Bradley Co. Milwaukee, Wis,
(31235 | Litton Industries, Inc.
Beverly Hills, Calif.
01281 | TRW Semiconductors, Inc,
Lawndale, Calif,
01295 {Tewxas Instruments, Inc.
Samiconductor-Components Div,
Dallas, Texas
01686 | RCL Electronics, Inc. Manchester, N, H,
01930 | Amerock Corp, Rockford, 111,
42107 |Sparta Mfg. Co. Dowvear, Ohio
02114 | Ferroxcube Corp, Saugerites, N.Y.
32606 {Fenwal Laboratories Morton Grove, 11,
32660 {Amphonol Corp. Broadview, Iil,
02735 {Radic Corp. of America, Solid State
and Receiving Tube Div, Somerville, N.T,
03508 |G, E, Semiconductor Products Dept,
Syracuses, N.Y,
33797 |Eldema Corp, Compton, Calif,
33877 | Transitron Electronic Corp.
Waketfiold, Mass,
03838 | Pyrofilm Resistor Co. Ine,
Cadar Knolls, N,J,
04009 | Arrow, Hart and Hegeman Flectric Co,
Hartford, Conn.
04072 JADC Dlectronics, Inc. Harbor Cliv, Calif,
04713 jCaddell & Burns Mfg., Co. Inc.
Minsola, N.Y.
04404 | *Hewlett~Packard Co, Palo Alto Div,
Palo Alto, Calif.
04713 | Motorola Semiconductor Prod, Inc,
Fhosnix, Arizona
05277 | Westinghouse Elaotric Corp.
Semiconductor Dept, Youngwoond, Pa,
05347 | Ultronix, Inc, Grand Junction, Colo,
053820 1Wakefield Engr. Inc, Wakefield, Mass,
06001 |General Flect., Co. Electronic

06004
06486
06540
06555
16666
06751

06776
6812

07137

Capacitor & Battery Dept. Irmo, 5. C.
Baszsik Div, Stewart-Warner Corg.
firidgeport, Conn,
IRC Div, of TRW Inc.
Semiconductor Plant Lynn, Mass.
Amatom Plectronic Hardware Co, Ino,
New Rochella, N,Y.
Beaede Dlectrical Instrument Co,
Penaconk, N, H,
General Devicaes Co. Inc,
Indianapolis, Ind,
Sawmeer Div, Components, Inc.
Phoenix, Arizona
Robinson Nugent, Inc. New Albany, Ind,
Torrington Mig, Co,, West Div.,
Van Nuys, Calif,
Transistor Electronics Corp,
Minneapolis, Minn.

Manufacturers
CODE
NO. MANUFACTURER ADDRESS
07138 | Westinghouse flectric Corp.
Llectronic Tubs Div, Elmira, N.,Y.
07263 | Fairchild Camsra and Instrument
Corp. Semiconductor Div,
Mountain View, Calif.
07387 | Birtcher Corp.., The Los Angeles, Calif,
07397 | Svivania Slectric Prod. Inc.
Sylvania Electronic Systems
Wesgtern Div, Mountain View, Calif,
07716 { IRC Div. of TRW Inc, Burlingion Plant
Burlington, Iowa
07910 | Continental Device Corp.
Hawthorne, Calif.
07933 | Raytheon Co, Components Div.
Semiconductor Operation
Mountain View, Calif.
08484 { Breezo Corporations, Inc, Union, N,7.
08530 | Reliance Mica Corp. Brookiyn, N.Y,
08717 {8loan Company, The Sun Valley, Calif,
08730 {VYemaline Products Co, Inc, Wyckoff, N,J.
0880¢ { General BElect., Co., Minia-
ture Lamp Dept. Cleveland, Chio
(38863 | Nviomatic Corp, Norrisville, Pa.
38519 | RCH Supply Co, Vernon, Calif.
08021 | Airco Speer blectronic Components
Bradford, Pa,
09182 j*Hewleti-Packard Co, New Jersey Div,
Rockaway, N.JT.
09213 | General Flect, Co. Semiconducior
Prod, Dept, Buffalo, N.YV,
N9214 | General Blect. Co, Semiconductor
Prod. Dept, Auburn, N, Y,
09353 [C & K Componenis Inc. Newton, Mass,
09922 | Bumdy Corp, Norwalk, Conn,
11115 | Wagner Electric Corp,
Tung-501 Div, Bloomfield, N.7.
11236 1 CTS of Berne, Inc. Berne, Ind,
11237 1 Chicage Telephone of Cal, Ing,
S0, Pasadena, Calif.
11502 JIRC Div, of TRW Inc, Boone Plant
Boone, N, C.
11711 jGeneral Instrument Corp
Rectifier Div, Newark, N,T.
12136 | Philadeiphia Handle Co. Inc,
Camdean, N,T,
12615 (U, 3, Terminals, Inc, Cincinnati, Chio
12617 Jtramlin e, Lake Mills, Wizconsin
12897 | Clarcstat Mig, Co. Inc. Dover, N, H,
13103 |Thermatloy Co, Dallas, Texas
14493 | *Hewleti-Packard Co., Loveland Div,
Loveland, Colo,
14655 tCormell-Dubilier Blactronics Div,
Federal Pacific Blectric Co,
Newark, N.,J.
14936 |CGeneral Instrument Corp., Semicon-
ductor Prod, Group Hickswville, N.Y.
15801 |Fenwal Elact, Framingham, Mass,
162698 JCorning Glass Works, Elecironic

Componants Div, Ralaigh, N.C.

*Use Code 28480 assigned to Hewlett-Packard Co,, Palo Alic, California




Table 6~3. Code List of Manufacturers {Continued}

MANUFACTURER ADDRISSE

1787G

18324
18315

19741
21320
22229

22753
234936
24446
24455

24655
24681

26982
27014

28480
28520
28875

31514

31827
33173
35434
37942

42190
43334

44655
45384

47804
48956
55026

56289
58474
588485

59730
61637
83743

Deloo Radio Div, of General Moiors Corp.
Kokomo, Ind.
Atlantic Semiconductors, Inc.
Asbury Park, N.J.
Fairchild Camera and Instrument Corp
Semiconductor Div. Transducer Plant
Mountain View, Calif,
Daven Div, Thomas A. Edison Indusiries
MoGraw-Edison Co, Orangsa, N, T,
Signetics Corp. Sunnyvale, Calif,
Bendix Corp, The Navigation and
Control Div, Teterboro, N.J.
Flectra/Midiand Corp,
Mineral Wells, Texas
Fansteel Metallurgical Corp.
No. Chicago, I
Union Carbide Corp. Electronics Div,
Mountain View, Calif,
UID Electronics Corp, Hollywood, Fla.
Famotor, Inc, Pampa, Texas
General Electric Co, Schensctady, N,Y.
General Elsciric Co, Lamp Div, of Con-
sumer Prod, Group
Nela Park, Cleveland, Chio
CGreneral Radio Co, West Concord, Mass,
LTV Electrosystems Ine Memoor/Com-
ponents Ooeraiions Huntingion, Ind,
Dynacoel Mfg, Co. Inc, Saugerties, N.Y.
National Semiconductor Corp,
Sania Clara, Calif,
Palo Alto, Calii,
Kenilworth, N.T,

Heowleti~Packard Co,

Hevyman Mig, Co.

INMEG Magnetics Corp,
New Hampshire Div, Rochester, N, H,

SAE Advance Packaging, Inc.

Santa Ana, Calif,
Ramona, Calif,
Owengboro, Ky,

Chicage, Il

Budwig Mig, Co.
i E. Co. Tube Dept.
Lecirohm, Inc.
P, R, Mallory & Co, Imc.
Indianapolis, Ind,
Muter Co, Chicago, I
New Departure~Hyatt Bearings Div.
Genaral Motors Corp. Sandusky, Chio
Ohmite Manufacturing Co. Skokie, IlL
Penn Engr., and Mig, Corp.
Dovlestown, Pa,
Polarcid Corp, Cambridge, Mass,
Raythaeon Co. Lexingrton, Mass,
Simpson Blectric Co. Div. of American
Giaye and Machine Ce. Chicago, Il
Sprague Blectric Co.  North Adams, Mass,
Suparior Blectric Co. Bristol, Conn.
Svintron Div, of FMCO Corp.,
Homear Clty, Pa.
Philadelphia, Pa.
New York, N.Y,

Thomas and Betts Co.

Unicn Carbide Corp.

‘Ward Leonard Eleciric Co.
Mt, Vermon, N.V.

CODE

NO. MANUFACTURER ADDRESS
70563 | Amperite Co. Inc, Union City, N.T.
70901 | Beemer Engrg. Co. Tort Washington, Pa.
70803 | Belden Corp. Chicago, Ill.
71218 | Bud Radio, Inc. Willoughby, COhio
71279 | Cambridge Thermionic Corp.

Cambridge, Mass.
71400 1 Bussmann Mfg. Div., of McGraw &
Edison Co, 5t, Louls, Mo,
71450 | CTS Corp. Elkhart, Ind,
71468 | I, 1.7, Cannon Electric Inc,
Los Angeles, Calif,
71590 { Globe-Union Ing,
Centralab Div, Milwaukee, Wis,
71700 | General Cable Corp, Cornish
Wire Co, Diwv. Willilamsiown, Mass,
71707 | Coto Coil Co, Inc, Providence, R, 1L,
71744 | Chicago Miniature Lamp Works
Chicage, Il
71785 { Cinch Mig, Co. and Howard
B, Tones Div, Chicago, Ili,
71984 | Dow Coming Corp, Midland, Mich,
72136 | Electro Motive Mfg, Co. Inc,
Willimantic, Conn.
72519 | Dialight Corp, Brooklyn, N.Y,
72699 | General Instrument Corp, Newark, N.I.
72765 1 Drake Mig, Co. Harwood Heights, I,
72962 | Dlastic Stop Nut Div. of
Amerace Esna Corp. Union, N.T.
72982 | Erie Technological Preducts Inc. Erie, Pa.
73086 { Hart Mig, Co, Hartford, Conn,
73138 | Beckman Instrumenis Inc,

' Helipot Div, Fullerton, Calif.
73168 | Fenwal, Inc, Ashland, Mass.
73293 | Hughes Alrcraft Co, Eleciron

Dynamicg Div, Torrance, Calif,
73445 | Amperex hlectronic Corp.
Hicksville, N.Y.
735036 | Bradley S3emiconductor Corp,
New Haven, Conn,
73559 | Carling Eleciric, Inc, Hartford, Conn,
73734 | Federal Screw Products, Inc,
Chicago, Iil,
74183 { Heinemann Electric Co. Trenton, N.IT.
74545 | Hubbell Harvev Inc, Bridgeport, Conn.
748685 | Amphenol Corp. Amphencol RF Div,
Danbury, Conn,
74970 | E. F. Johnson Co. Waseca, Minn,
75042 | IRC Div, of TRW, Inc. Philadelphia, Pa.
75183 | *Howard B, jones Div. of Cinch
Mig, Corp. New York, N.Y.
75376 | Kurz and Kasch, Inc. Davton, Ohio
753872 | Kilka Electric Corp, Mt. Vernon, N,Y.
753615 | Littleiuse, Inc. Des Plaines, Ii,
76381 | Minnesota Mining and Mig, Co,
St, Paul, Minn,
76385 | Minor Rubber Co, Inc. Bloomfleld, N.T.
76487 {James Millen Mig, Co. Inc.
Malden, Mass,
76493 {7,'W, Miiler Co, Compton, Calif,

*Use Code 71785 assigned to Cinch Mfg, Co., Chicago, IlL




Table 63,
CODE
NO. MANUFACTURER ADDRESS
765230 | Cinch City of Indugtry, Calif,
76854 | Oak Mig, Co, Div, of Oak
Electro/Netics Corp. Crystal Lake, 111
77068 | Bendix Corp,, Electrodynamics Div,
No. Hollyweod, Calif,
77122 ] Palnut Co. Mountainside, N,
77147 | Patton-MacGuyer Co, Providence, R. L
77221 | Phaostron Instrument and Zlectronic Co,
South Pasadena, Calif.
77252 | Philadelphia Steel and Wire Corp,
Philadelphia, Pa.
77342 | American Machine and Foundry Co,
Potter and Brumfield Div, Princeton, Ind,
776301 TRW Electronic Components Div,
Camden, N,]T.
777641 Resistance Products Co, Harrisburg, Pa,
781891 Illinois Tool Works Inc, Shakeproof Div,
Elgin, ILL,
78452 | Everlock Chicago, Inc, Chicago, I,
78488 | Stackpele Carbon Co, 5t, Marys, Pa,
78526 | Stanwyck Winding Div. San Fernando
Electric Mfg., Co, Inc, Newburgh, N,Y.
78553 | Tinnerman Products, Inc, Cleveland, Ohio
785843 Stewart 3tamping Corp. Yonkers, N,Y,
791361 Waldes Kohinoor, Inc, L.LC., NY,
79307 1 Whitehead Meatals Inc. New York, N.Y,
79727 | Continental-Wirt Electronicg Corp,
Philadelphia, Pa.
79963 Zierick Mfg, Co, Mt, Kisco, N,Y.
80031 | Mepco Div, of Bessions Clock Co.
Morristown, N,]J.
80294 | Boums, Inc, Riverside, Calif.
81042 | Howard Indusiries Div, of Msl Ind, Inc,
Racine, Wisc,
810731 Gravhill, Inc, La Grange, II,
814831 International Rectifier Corp,
Bl Segundo, Calif,
81751 | Columbus Electronics Corp, Yonkers, N. Y.
82099 | Goodyear Sundries & Mechanical Co. Inc,
New York, N.Y,
§2142 | Airco Speer Electronic Components
. Du Bois, Pa,
82219 Svlvania Tlectric Products Inc,
Blectronic Tube Div, Receiving
Tube Operations Emporium, Pa,
82389 Swiichcrafi, Inc. Chicago, Il
82647 { Matals and Controls Inc., Control
Products Group Attleboro, Mass,
82866 | Research Producis Corp, Madison, Wis,
82877 | Rotron Ing, Woodstock, N,Y,
82893 Vector Elsctronic Co, Glendale, Calif,
83058 | Carr Fastensr Co, Cambridge, Mass,
83186 | Victory Enginsering Corp,
Springfiald, N.]J.
83298 | Bendix Corp. Plectric Power Div,
Eatoniown, N.T.
833301 Herman H, Smith, Inc. Brooklyn, N, Y.
833851 Central Screw Co, Chicago, TI11,
83501 | Gavitt Wire and Cable Div, of

Amarace Lsna Corp, Brookfield, Mass,

Code List of Manufacturers (Continued}

CODE
NO, MANUFACTURER ADDRESS
835081 Grant Pulley and Hardware Co,
West Nvack, N.,Y.
835941 Burrcughs Corp., Electronic
Components Div, Plainfield, N.7J,
838351 U, 3. Radium Corp, Morristown, N.7,
83877 | Yardenvy Laboratories, Inc.
New York, N.,Y,
84171} Arco Electronics, Inc, Great Neck, N.Y.
84411 | TRW Capacitor Div, Ogallala, Neb.
86684 RCA Corp. Electronic Components
Harrison, N,J.
86838 | Rummel Tibre Co, Newark, N.T.
87034} Marco & Oak Industries a Div., of Qak
Electro/netics Corp. Anaheim, Calif.
872161 Philco Corp, Lansdale Div. Lansdale, Pa,
875851 Siockwell Rubber Co. Inc.
Philadelphia, Pa,
87529 | Tower-Olschan Corp, Bridgeport, Conn.
88140 Cutler-Hammer Inc, Power Distribution
and Control Div, Lincoln Plant
Lincoln, Il1,
88245 Litton Precision Products Inc, USECO
Div, Litton Industries Van Nuvs, Calif,
90634 Gulton Industries Inc. Metuchen, N.J.
30763 | United-Car Inc, Chicago, I,
91345 | Miller Dial and Nameplate Co,
El Monte, Calif,
91418 Radio Materials Co. Chicago, I11.
915061 Augat, Inc. Attleboro, Mass,
91637 { Dale Electronics, Inc. Columbus, Neb.
91662 Elco Corp. Willow Grove, Pa,
91829 | Honeywell Inc, Div., Micro Switch
Freeport, I,
G2825 | Whitso, Inc, Schiller Pk, , #il,
933321 Svlvania Electric Prod. Inc. Semi-
conductor Prod, Div, Woburn, Mass.
$3410| Ezzex Wire Corp, Stemco
Controls Div. Mansfield, Ohio
941441 Ravtheon Co. Components Div,
Ind, Components Oper, Quincy, Mass,
841541 Wagner Flectric Corp,

7702
88291
984140
98878

99934

Renbrandt, Inc.

Tung-3ol Div, Livingston, N.J.
Southeo Inc, Lester, Pa,
Leacraft Mfg, Co, Inc, LI.C., N.Y,
Methode Mfg, Co, Rolling Meadows, Til,
Bendix Corp, Microwave
Devices Div,
Weckessar Co, Inc.
Amphenol Corp, Amphenol
Controls Div, Janesville, Wis,
Tndustrial Retaining Ring Co.
Irvington, N.J.
IMC Magnetics Corp, Eastern Div.
Westhbury, N,Y.
Sealectro Corp, Mamaroneck, N, VY.
ETC Inc, Cleveland, Ohioc
International Electronic Research Corp.
Burbank, Calif,
Foston, Mass,

Franklin, Ind.
Chicago, Iil,




Table 6-4.

Replaceable Parts

REF. MFER. HP RS
DESIG. DESCRIPTION TQ 1 MFR, PART NO, CODE PART NO.
Al INPUT BOARD
<25 fxd, elect 10uT 450Vde 1 28480 0180-2365 1
29 Txd, ceramic 1. 0uF 220Vac 1 284810 0160-3679 1
30, 31 fxd, elect 300uF 250Vde 2 28480 0180-1886 i
<32 fxd, elect 80 F 300vVde 1 28480 0180-1851 1
C34 fxd, ceramic .0lpF 500V 1 28480 015G-6081 1
35 txd, elect 490uT 85Vdc 1 284380 0180-1888 1
36 fxd, elect 68u.F 15Vdce 1 150D686X0015R2 56288 0180-1835 1
C37 fzd, film . LuF 500Vdc 1 28480 01660269 1
CR32, 33 Ract. 31, 700ma B00prv 3 Al4N 03508 | 1901-0330 3
CR35-38 Rect, 3i. 1A 200prv 4 B14B 03548 19010327 4
CR46 Rect. 8i. 700md 800prv Al4AN 03548 1901-0330
R91 fxd, met. ox. 150kn 5% 2'W 1 Type C~428 15299 N764-0049 I
R112,113 fxd, comp 10~ 5% 1/2W 2 EB-10058 01121 0686-1005 1
Ril4 fxd, comp 270~ 5% 1/2W 1 BB-2715 01121 N686-2715 1
R117 fud, comp 100~ 5% 3W 1 24281015 56289 0813-0050 1
R119 var. ww 100n +20% (Ripple Adj.) 1 Type 110~F4 11236 2100~0281 1
VR16, 17 Diode, zener 4. 22V 400mW 2 | SZ210938-74 04713 | 1902-3070) 2
AZ MAIN BOARD

Gl ixd, mylar . 1pF 200V 2 192P10492 56289 0L60-0168 1
[0 fxd, cer . O5uF 400V 1 33C17a03~CDH 567289 015G~0052 1
C4 fxd, mica 18plF 300V 1 28480 0160-0356 1
o5 ixd, mylar . 068.F 200V 2 292P68392-PTS 56289 0160-0166 1
7 fxd, mylar . 1yF 200V 192710492 56289 N160-0168
<9 xd, mylar . 0lpF 200V 1 192P10392 56239 0160-0161 1
10 fxd, mica 33pF 300V 1 28480 0160-21560 1
Cii Ixd, mylar . 068.F 200V 292P68392~PTS 56289 0160-0166
4 fxd, mica 100pF 500V 1 RCMI15ELI0LT 00853 0140-0041 1
15 ixd, elsct 221 35Vde 3 150D2726X0035R2 56289 0180-0160 1
Cié ixd, elect 4. 7uF 35Vdc 2 150D475X9063582 56289 0i180-0100 1
Ct7,18 ixd, elect 22uTF 35Vde 1501D226X0035R2 56289 31800160
20 fxd, ceramic 1pF 25V 1 5C13C-CML 56289 0160-0127 1
i frd, elect 1pF 35Vde H 150D105X9035A2 56289 0180-0291 1
C22 ixd, elect 4, 7uF 35Vde 150D475X903582 56288 4180-0100
23 ixd, ceramic 0. 47, F 25V 2 23480 B160-0174 1
G226 fsed, ceramic . 01 100V H obd 91418 4150-0093 1
CZ8 fxd, ceramic 0. 47uF 25V 28480 0160-0174
33 fxd, mica 2QpF 500V H 28480 4160-0370
CRY, 2 Diode, Si., 200mA 180V 21 SG3394 03877 1901~0033 8
CR3-5 Diode, Si. 50md 75V 7 DAZOSD 03508 1901 -06472 5
CR6 Diode, 51, 200mA 180V 85G3396 03877 1301-0033
CR7, 8 Diode, 51, 50mhk 75V DAZO50 (3508 1801-0642
CRS, 10 Diode, 3i, 200ma 180V ) 5G3396 (33877 189010033
(ORI, 12 Diode, Si. 150ma 15V 4 3TB523 (35408 18010460 1
CR13-16 Diode, Si. 200ma 180V 333356 33877 1801-0033
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RET. MFR. HP

DESIC, DESCRIPTION TQ| MFR. PART NO. CODE | PART NO. RS
CR17 Diode, $i. 200mA 10V 1| sGo3ee 03877 11901~0461 1
IR18,19 Diode, Si. 200ma 180V 53396 03877 11901-0033
CR20, 21 Rect. Si. 1A BOOV 3| Al4aN 53508 11901-0330 | 6
CR22 Dviode, Si. 200mA 180V 833396 03877 |1301-0033
CR23 Diede, 8i. 150mA 15V STE523 03508 11801-0460
CRZ4, 25 Diode, Si. 200ma 180V 3G3396 03877 {19801-0033
ORZ6 Rect, Si. 1A 800V AL4N 05508 }1901-0330
GR27 Diede, Si. 200mA 180V 8033396 03877  11901-0033
R29 Disde, 3i. 200mAd 180V 8G3296 03877  11901-0033
CR30, 31 Ract, Si. 1A 800V A14N 03568 |1901-0330
R34, 39,40 | Diade, Si. 200ma 180V 5333946 53877 |19061-6033
CR41-43 Rect. Si. 1A 800V AlAN 03508 |1501-0330
CR24 Diode, 8i. 200maA 180V 5G3396 03877 {1901-0033
CR45 DHode, Si. 1A 800V Al4N 03508 |1801-0330
R4S, 49 Diede, 3i. 50md 75V DAZ050 03508 |1801-0642
GRG0 Diode, 3i. 200ma 180V 333396 03877 |1901-0033
RS Diode, 8i. 150ma 15V STB523 03508 11301-0460
CR52, 53 Rect, Si. 1A 200V 2| ai4n 03508 11901-0327
CRS55, 56 Diode, 3i. 200mA 80V 2| rprssoes 07263 11801-0050
11,2, 3 Territe Bead, O17, 20, 21 emitier 3 28430 [9170-0894 | 1
Q1 33 NPN dual Si. 2| 2ZNb41le 1854-0221 2
2-5 38 NPN 31, 10| TZ21200 56289 | 1854-0071 6
7 35 NPN dual 8i. aN5416 1854-0221

o8 98 PNP §i. 7 12173 56289 1853-00953 6
9, 11,12, 14 { 88 NPN 31 TZ1200 56289 §1854-0071
015, 16 33 PNP 2i,, TO-5 2| 38640 02735 {1853~0041 2
017 35 WNPN 3i. 1] 40246 82735 11854-0095 | 1
19-22 3% PNP Si. 17173 56289 11853~0099
024, 25 88 NPN 38i., T0-66 21 2N4240 1854-0311 2
79 5% NPN Si. ZN1711A 1854-0244
030, 31 58 NPN Si. 41 46327 1854-0232 | 4
a2 35 PNP 3i. TZE73 56289 1853~0098
333, 34 88 NPN 3i. T#1200 56289 |1854-0071

037 35 NPN 3i. 40327 1854-0232

338 35 PNP Si. TZ173 56289 | 1853-0099

U39 88 NPN 8i, 40327 1854-0232

Rl txd, ww 100~ +0.5% 10W 5ppm 11 Type T1D 01686 (0811-2859 | 1
RZ fxd, ww 900~ £0.5% 1/2W Sppm 1| Type E30 0L686 | 0811~2112 | 1
B3 fxd, ww 9ka £0.3% 1/2W Sppm 1| Type E30 01686 10811-2858 | 1
k4 fxd, comp 4, 3ke 5% 1/2W 1| EB-4325. 01121 | 0686-4325 | 1
RS fxd, met. film 196n =1% 1/3W 2} Type OFEA T-O 7716 J0698-3440 | 1
R7. 8 fxd, met. film 23k. £1% 1/8W 2| Type CER T-O 07716} 06983269 | 1
k9 fxd, met, film 3.57ks =1% 1/8W H Type CEA T-O 07716 (3698-3436 1
R10O fxd, met. film 390kn £1% 1/8W 1| Type CFA T-O g7716 | 0698-5093 1 1
R11 var, ww 2ka 5% (CC Comp. Zero) H CE-100-4 84048 2100-1774 1
R12 fxd, met. film 3k~ =1% 1/8W 2| Type CEAT-O 07716 | o757-1083 § 1
R13 fxd, met, film 249%. +1% 1/8W 1| Tvpe CEA T-0 07716 | o07s7-0270 § 1
R14 fxd, met, film 68. 1k~ 21% 1/8W 1| Type CEA T-0 07716 | 07570461 1
R16 fxd, met, film 196a =1% 1,/8W Type CEA T-O 07716 | 06958-3440

R19 fxd, comp 5.1k 5% 1/2W 21 EB-5125 01121 |0686-5125 | 1
R20 fxd, comp 12k- 5% 1/2W 21 EB-1235 01121 |0686-1235 | 1
Rzl fad, comp 5la 5% 1/2W 41 EB-5105 01121 {0686-5105 | 1




RET. MFR. Hpe
DESIG. DESCRIPTION TQ | MFR. PART NO. CODE PART NO. RS
R22 fxd, comp 150~ 5% L/2w 2 EB-1515 01121 J686-1515 1
R23 frd, comp 5la 5% 1/2W EB-5105 01121 0686-5105
Rz4 fxd, comp 510~ £5% 1/2W 3 EB-5115 01121 0686~5115 1
R25 fxd, comp 10ka 5% 1/2W 3 EB-1035 01121 0686-1035 1
R17, 28 frd, met. film 64k~ 1% 1/8W

25ppm 2 | Type CEA T-O 07716 0698-6275% 1
Rr23 var, ww 15k~ +5% (Cuard Zero Adj.) 1 Type CT-100-4 07716 2100-08%6 1
r30 fxd, met. Tilm 2k 1% 1/8W 3 Tyvpe CEA T-O 07716 0757-0283 1
R31 fxd, ww 5, 9k~ £1% 1/4W i 28430 0811-1978 1
R32 fxd, ww {Selected} 5% 3W 1 {obd} 28480
R33 fxd, met. film 118ks #1% 1/8W 1 Type CEA T-O B7716 06986-3265 1
R34 fxd, comp 3kn 5% 1/2W 4 EB-3025 21121 0686-30258 1
R35 fxd, met. film 5. 49ke %1% 1/BW 2 Type CEA T-O 07716 0698-3382 1
R36 fxd, comp 30~ +5% 1,/2W 1 EB-3005 a1121 0686-3005 1
R37 fxd, comp 150~ £5% 1/2W EB-1515 01121 0686-1515
R40 fxd, comp 2ka £5% 1/2W 2 ER-2025 01121 0686-20250 1
R41, 42 fxd, comp 51n 5% 1/2W EB-5105 01121 0686-5105
R43 fud, comp 20kn +5% 1./2W 2 EB-2035 01121 0686-2035 1
R44 fzd, comp 5.1k £5% 1/2W EB-5125 01121 06B6~5125
R45, 46 fxd, met. film 1.5k £1% 1/8W 2 Type CEA T-0 07716 0757-0427 H
R47 fxd, comp 1. 8kn £5% 1/2W 1 | ER-1825 01121 0686~18251 1
K48 fxd, met. film 750~ £1% 1/8W 1 Type CEA T-0O 07716 0757-0420 1
R50 fxd, comp 20n £5% 1/2W 1 EB-2005 01121 0686-2005
R51 fxd, met., ox. B20. #5% 3W 1 242E8215 56289 0813-0010 1
R52 fxd, comp 2. 7Tka +5% 1/2W 1 ER-2725 011121 (686~-2725 1
R53 fied, comp 750n £5% 1./4W 1 CB-7515 01121 0683-7515%
R54 fxd, comp 1ka £5% 1/2W 2 EB-1G23 01121 0686-1025 1
R55 fxd, met., ox. 750~ 5% 5W 1 243E7515 56289 0811-1861 i
RS6 fxd, comp 10k~ £5% 1/2W EB-1035 01121 0686~1035
R57 fxd, comp 3kn 5% 1/2W ER-3025 01121 0686~3025
R58 fxd, comp 12k £5% 1/2W EB-123% 41121 0686-1235
R59 fxd, comp 3kn +5% 1/2W EB-3025 grizt 0686-3025
R&0 fxud, comp 750~ £5% 1/2W 1 EB~7515 pri2i 0686~7515 1
R61 fxd, comp 1.3k £5% 1/2W 1 EB-1325 01121 3686-1325 1
R62, 63 fxd, comp 510n £5% 1/2W Ei-5115 31121 D686~5115
R64 fxd, comp 3kn £5% 1/2W EB-3025 0Li21 0686~3025
R65 txd, comp 1Meg 5% 1/2W 1 | EB-1055 01121 | n686-1055] 1
R&6 fxd, comp 510ka 5% 1./2W 2 EB-5145 griz2i 0686-5145 1
R67 fxd, comp 20kn 5% 1/2W EB~2035 gLizl 0686-2035
R68 fxd, comp 360~ £5% 1/2W 1 EB-3615 01121 0686-3615 1
R&6§ frd, film 2ke £1% 1/8BW Type CEA T-O 07716 N757-0283
R70 fud, film 21.5~ €1% 1/8W 1 Type MF4C1 15701 J698-3430 1
R71-73 fxd, met. ox. 33kn £5% 2W 3 Type C~423 16299 0764-0046 1
R76 fxd, comp 1kn #5% 1/2W EB-1025 01121 0686-1025
R77, 78 fxd, met. ox. 47k~ 5% 2W 2 Type C-428 16299 0764-0031 1
R7% fxd, ww 30kn £5% 10W 1 247E3035 63743 0811~1918 1
R3O fxd, comp 200~ £5% 1/2W 2 EE~2015 Nr121 1686-2015 1
REIL, 82 fxd, comp 5.6k, £5% 1/2W 2 EB-5625 #1121 0686-5625 1
R83 fxd, comp 10ka +5% 1/2W EB-1035 01121 10686-1035
R84 fxd, met. film 5, 48k~ +1% 1/8W fype CEA T-O 07716 1698-3382
R35 fxd, met. film 2k +1% 1/8W Type CEA T-0O n7716 0757-0283
R86, 87 fxd, comp {Selected) £5% 1/2W 2 Type EB (obd) ni12:
RAR fxd, met. ox. 68K, +5%, W 1 | rRe-32 11592 lozer-oos3 | 1
R&0 fxd, comp 200, #5% 1,/2W EB-2015 i1l 0686-2015
RS3 fxd, comp 5.l £5% 1./2W 1 EB-51CG5 01121 0686-0515 1
R34 fxd, met. ox. 100k~ #5% 2W 1 Type ['P42 27167 0764-0028 1
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REF. MFER. Hr
DESIG. DESCRIPTION T | MFR. PART NO. CODE PART NO. RS
RIS fxd, comp 470~ 5% 1/2W 2 | EB-4718 01121 0686-4715 1
R94 fxd, comp 390. 5% 1,/2W 1 EB-3915 D121 0686~3913 1
RS7 fxd, comp 470~ 5% 1/2W ER-4715 01121 0686-4715
RS8 fxd, comp 510kn 5% 1/2W EB-5145 01121 3686~5145
R99 fxd, comp Z4kn £5% /2w 1 EB-2435 01121 0686-2435 1
RID, 101 fxd, ww 10kn £5% 10W 2 24781035 56289 0811-2702 1
R105 fxd, met, film 8. 09k~ +1% 1/8W 1 Type CEA T-0O 07716 0757-0288 1
RIO6 var. ww Skn £20% {Ammeter Adj.) 2 Type 110-F4 11236 2100-1824 1
R107 fud, met. film 1lka %1% 1/8W i Type CEA T-O 07716 0757-0443 1
R108 fxd, met. ox, 150k~ 5% 2W 1 Type C~428 16299 0764-0049 1
R103 fxd, met. film 6. 2kn £1% 1/8W 1 Type CEA T-O 07716 1698-5087 1
R110 var., ww Ska £20% (Voltmeter Adj,) Type 110-F4 11236 2100-1824
TBL Rear Barrier Rlock, 5 Terminals 1 28480 0360~1550
TB2Z Rear Barrier Block, 4 Terminals 1 28480 3360~1551
VRI Diode, zener 2.37V 400mW 1 | 3410939-2 p4713 | 1902-3002 {1
VR2 Diode, zener 7,5V 400mW 3 | 5Z10939-146 04713 | 1902-0064 |3
VR3 Diode, zener 7.5V 1'W 2 | S211213-104 04713 | 1902-0799
VR4 Diode, zener 6.2V 400mW 20ppm 1 IN825 28480 1902-1221 H
VRS Diode, zener 7.5V 1W 3211213-104 04713 | 1902-0799
YR& Dicde, zener 12,4V 400mW i 1902~3185 1
VR7, 8 Diode, zener 7.5V 400mW 5Z10939~146 04713 1902-0064
VRY, 10 Diode, zener 150V 1 watt 2 §5711213-440 04713 1902-0586 2
VRI Diodea, zener 16,2V 400mW 2 28480 1902~-0184 2
VYR1Z, 13 Diode, zener 5, 62V 400mW 3 28480 1902-3104 3
YiRi4 Diode, zener 28. 7V 1 watt 1 $211213-272 04713 1902-0572 1
VRIS Diode, zener 16, 2V 400mW 28480 1942~0184
YVii3 Diode, zener 5.62V 400mW 28480 1502~3104
VRIS Diocde, zener 4,93V 1W 1 §711213-54 04713 1962-0533 1
71,2 Integrated Circuit,

Operational Amplifier 2 TLM301AH 27014 1820-0223 1

A3 HEAT SINK BOARD
CR54 Rect., §i. 1A 800V 1 Al4N 03508 1901-0338
R74 fxd, comp 510~ £5% 1/2W i EB-5115 01121 0686-5115
VR101, 103,

105 Diode, zener 150V 1W 2 SZ11213-440 04713 1902~0586
VRi0Z, 104,
106 Diode, zener 75V 1'W 3 5711213-392 34713 1902-0661

Ad HEAT SINK BOARD
RS2 fud, comp 100~ £5% 1/2W 1 EB-1015 01121 0686-1015 1
Ril6 fxd, comp 10n £5% 1/2W 1 EB-1003 01121 0686-1005 1

FRONT PANEL ASSEMBLY-ELECTRICAL

D31 Line Indicator Lamp, Neon 1 AlC 08806 2140~-0047 1
D52 Voltage Limit Indicator Lamp,

incand, {Amber) 1 | MCL-A3-1730 07137 | 1450-0305 | 1
Bl Tip Jack, Panel Mount, White

{+ Meter} 1 105-601 74870 12512440 1
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RET. MFR. HP
DESIG. DESCRIPTION TG | MFR. PART NO. CODE PART NO, RS
E2 5 Way Binding Post, Red (+) 1 28480 | 1510-0094 | 1
E3, 4 5 Way Binding Post, Black (=) 2 28480 1510-0522 1
M1 Voltmeoter, 3 1/2", 0-360V 1 28480 1120-1151 1
M2 Ammeater, 3 1/2", 0-120mA 1 28480 | 1120~1157 | 1
P2 Tip plug, white (+ Meter) i 105~301 74976 1251-2441 1
R1S var. ww 10ks 5% 10-Turn 2W
{Current Control) 1 284880 2100-18566 1
R75 mold, car. 250ka £10% (Voltage
Control) 1 28480 2100-25809 1
R118 fxd, comp 47kn 5% 1/2W 1 EB~4735 01121 0686-4735 1
31 Line switch, SPDT Toggle 1 7101PYZ1 09353 3101-1605 1
32 Current Range Switch, Rotary 1 28480 3100-1935 1
REAR PANEL ASSEMBLY-ELECTRICAL
ES 5 Way Binding Pesi, N.P. Brass
(Ground) 1 137 83330 1510-0044 1
F1 {115V} Fuse Cartridge 14, 125V
(31low Blow) 1 Type 3AG 313.0013 | 759135 211G~-0007 5
F1 {230V) Puse Cartridge 0. 54, 250V
{Slow Blow) 1 Type 3AG 313,5005 ] 75915 2110-0202 5
12 Regaeptable, Input Power H 28480 1251-2357
Pi Power Cord 1 28480 8120-1348
Q26~28 Power NPN 3i,, TO-3 3 64494 02735 1854-0631 3
(35, 36 Powar NPN 3i., TO-3 2 | (See Note On 1854-0690 2
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83 115/230V Line Switch, Recessed
DPDT Slide 1 28480 31011234 1
CHASSIS ASSEMBLY-ELECTRICAL
R115A/R115B | fxd, ww 20k~ +5% 40W, Center
Tapped 1 Type HLT-35 31637 B311-3236 i
R117,118, 119{ fid, ww 400, £5% 40W 3 Type VBZT 12697 0818-0011 i
T1 Transformer, Power (includes
Standoffs) 1 28480 (06186~800911 1
AZ BOARD-MECHANICAL
fumper, Rear Barrier Blocks 3 422-13-11~013 71785 0360-1143 1
Socket, integrated Circuif
Z! and Z2 2 133~-98-92-061 71785 1280-0763 1
Standoff, Q24, 25, 1/4" Hex 4 2300 83330 0380-0716 4
Heat Digsipator, TO-5 (37, Q39 2 TXBE 032-031B 33973 1205-0030
insulator, Transistor, TO-5 8 28480 0340-0166




REF, MFR. HP

DESIG. DESCRIPTION TQ| MFR. PART NO. CODE PART NO,
FRONT PANEL MECHANICAL
Meter Trim H 28480 1 5020-8061
Bezel Meter, 3 1/2" 2 28480 | 4040-0483
Meter Combining Pin 1 28480 1480~-0181
Front Panel, Basic I 28480 [06186-20006
Tront Panel, Control Section Ingert 1 28480 | 06186~00011
Pront Panel, Output Section Insert 1 28480 [ 06186-00012
Insulated Strip, Nylon, Terminals

El, 2,3 1 28480 5020-5754
Corporate Logo 1 28480 7120-1254
Knob Assembly, R15 1 28480 0374~1081
Knob Assembly, S2 and R73 Z 28480 0370-1099% 1
Shoulder Washer, {+), {-), and

GND Binding Posts 3 28480 2190-0494 3
Lamphelder, Clear, DS1 1 28480 5040-0234 1
Lamphclder, Base, DSt 1 28480 | 5040-0305 |1
TFastener, D82, .312" Dia. 1 C-17373-102~24D 78553 0510-0123 1
Stand, Tilt, Foot Assembly 1 28480 1490-0032
Hinge, Toot Agssembly 2 28480 5040-0700
REAR PANEL-MECHANICAL
Panel, Rear 1 28480 | 06186-00010
Heat Sink Rear Panel, {Q26, 27,

28, 35, 36) i 28480 | 06186-20005
Cover, Rear Barrier Strips i 28480 | 0618600007
Insulating Strip, Mylar, Copper-

Clad 26, 27, 28 1 28480 | 06186-20023
Sheoulder Washer, Double, Heat

Sink and T1 Bracket 6 28480 3340-0172
Serial Plate 1 28480 7120-1111
Insulator, Transistor

026, 27, 28, 35, 36 5 28480 0340-0785
Fuseholder, F1 1 342014 75915 1400~-0084 1
Hex Nut. Fuseholder 1 903-12 75915 29506-003¢8 1
Lockwahser, Fusecholder 1 28480 2190-0054 1
Flat Neoprene Washer, Fuseholder 1 901-128 75915 14003-0090 1
Insulator, Boron Nitride Q26, 27,

28, 35, 36 5 H-4001 61637 0340-0411 5
CHASSIS ASSEMBLY-MECHANICAL
Chassis, Internal 1 28480 | 06186-00001
Bracket, Transformer T1 1 28480 | 06186-00003
Cover, Side 2 28480 5000~8565
Cover, Top 1 28480 5060-8585
Cover, Bottom 1 28480 5000-9444
Fastener, Top and Bottom Covers 4 C-8020~632-24B 78553 0590-0052
Side Frame Assembly 2 28480 5060-0703
Foot Assembly 2 28480 5660-0728
Spacer, Side frame Assembly 1 28480 5420-0701
Shoulder Washeyr, Double, T1

Mounting 4 28480 0340-0492
Cable Clamp 2 3-4-1 31827 1400-0116




REF. MFR, HP
DESIG, DESCRIPTION TG} MFR., PART NO. CODE PART NO. RS
CHASSIS ASSEMBLY-MECHANICAL
Standoff, 6~32 x 1/2W, A2 Board 2 1951E c0866 0380~0083
Guide, Printed Circuit Boards 4 28480 0463-0150
MISCELLANEOUS
Manual H 28480 [06186-90005
Carton, Packing i 28480 9211~-1347
Floater Pad, Packing 2 28480 9220~15456
Tuse Envelope, F1 (230V) 1 28484 9320-0234
OPTION 14
3 Digit Decadial Current Coentrol
3 Digit Decadial 1 RD411 07716 1146-0020

NOTE:

There is no direct commerclal replacement for

For these transigtors,
the 6186C uses RCA 2N5240's that are selected
for BVcpo, Icgpe and Ig/p (second breakdown).
The specifications and test conditions for these
characteristics are tabulated below,

transistors Q3% and Q36.

Characteristic Specification Test Conditions
BVCED 375V min. iy = 100mA, pulse loading
Tegr iml max. Vep = 375V, Rpp = 2004,

case temp = 125°
ES/b 25mA min. Vop = 300V, T =1 seq,
cagse temp 0°C to 125°C




SECTION VI
CIRCUIT DIAGRAMS

This section contains component location dia~
grams and a schematic diagram of the power supply.
The component location diagrams show the physi-
cal locations and reference designators of parts
mounted on the printed circuit boards and chassis.

The schematic diagram illustrates the circuitry

of the entire power supply. Voltages are given

in italics adjacent to test points, which are iden-
tifled by c¢ircled numbers both on the schematic
and on the component location diagrams.

o

A4 Heatsink Board

Figure 7-1,

Component Location Diagrams
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Figure 7-2. Chasgsis Component Location Diagram




